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HOW TO USE THIS SOIL SURVEY 


HIS SOIL SURVEY contains information 

that can be applied in managing farms, 
ranches, and woodlands; in selecting sites for 
roads, ponds, buildings, and other structures; 
and in judging the suitability of tracts of land 
for farming, industry, and recreation. 


Locating Soils 


All the soils of Grant County are shown on 
the detailed map at the back of this publication. 
This map consists of many sheets made from 
aerial photographs. Each sheet is numbered to 
correspond with a number on the Index to 
Map Sheets. 

On each sheet of the detailed map, soil areas 
are outlined and are identified by symbols. All 
areas marked with the same symbol are the 
same kind of soil. The soil symbol is inside the 
area if there is enough room; otherwise, it is 
outside and a pointer shows where the symbol 
belongs. 


Finding and Using Information 


The *Guide to Mapping Units" can be used to 
find information. This guide lists all the map- 
ping units of the county in numerical order 
and gives the capability classification, wind- 
break suitability group, recreation group, and 
pasture and hayland group in which the soil 
has been placed. It lists the page on which each 
soil is described and each interpretive group in 
which each soil has been placed. 

Individual colored maps showing the relative 
suitability or degree of limitation of soils for 


many specific purposes can be developed by 
using the soil map and the information in the 
text. Translucent material can be placed over 
the soil map and colored to show soils that have 
the same limitation or suitability. For example, 
soils that have a slight limitation for a given 
use can be colored green, those with a moderate 
limitation can be colored yellow, and those with 
a severe limitation can be colored red. 

Farmers and those who work with farmers 
can learn about the use and management of the 
soils from the soil descriptions and from the 
discussions of the capability units, the pasture 
and hayland groups, and the windbreak suita- 
bility groups. 

Foresters and others can refer to the section 
“Windbreaks,” where the soils of the county 
are grouped according to their suitability for 
trees. 

Game managers, sportsmen, and others can 
find information about soils and wildlife in the 
section “Wildlife.” 

Engineers and builders can find, under “En- 
gineering Uses of the Soils,” tables that contain 
test data, estimates of soil properties, and in- 
formation about soil features that affect engi- 
neering practices. 

Scientists and others can read about how the 
soils formed and how they are classified in the 
section “Formation and Classification of the 

oils." 

Newcomers in Grant County may be espe- 
cially interested in the section "General Soil 
Map," where broad patterns of soils are de- 
scribed. They may also be interested in the 
information about the county given in the sec- 
tion “General Nature of the County." 


Cover: Wheat, one of the leading small grains in 
Grant County, is being harvested on Hamerly soils 
in the central part of the county. 
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RANT COUNTY is in the west-central part of 

Minnesota (fig. 1). It has a total land area of 
356,480 acres. Elbow Lake, in the central part of the 
county, is the county seat. About 95 percent of the 
land area is farmed. Most of the farm income comes 
from livestock products and from grain grown for 
cash. Corn, soybeans, sunflowers, oats, wheat, barley, 
flax, and alfalfa are the main crops. The county is on 
the northern border of the corn belt. 


State Agricultural Experiment Station at St Paul 


INTERNATIONAL FALLS 


WORTHINGTON 


Figure 1.—Location of Grant County in Minnesota. 


How This Survey Was Made 


Soil scientists made this survey to learn what kinds 
of soil are in Grant County, where they are located, 
and how they can be used. The soil scientists went into 
the county knowing they would probably find many 
soils they had already seen and possibly some unfa- 
miliar soils. They observed the steepness, length, and 
shape of slopes; the size and speed of streams; the 
kinds of native plants or erops; the kinds of rock; and 
many facts about the soils. They dug many holes to 
expose soil profiles. A profile is the sequence of nat- 
ural layers, or horizons, in a soil; it extends from the 
surface down into the parent material that has not 
been changed much by leaching or by the action of 
plant roots. 

The soil scientists made comparisons among the 
profiles they studied, and they compared these profiles 
with those in counties nearby and in places more dis- 
tant. They classified and named the soils according to 
nationwide, uniform procedures. The soil series is the 
category of soil classification most used in a local 
survey. 

Soils that have identical or nearly identical profiles 
make up a soil series. Except for different texture in 
the surface layer, all the soils of one series have major 
horizons that are similar in thickness, arrangement, 
and other important characteristics. Each soil series 
is named for à town or geographie feature near the 
place where a soil of that series was first observed and 
mapped. Barnes and Roliss, for example, are the names 
of two soil series. All the soils in the United States 
that have the same series name are essentially alike in 
the characteristies that affect their behavior in the 
undisturbed landseape. 

Soils of one series can differ in texture of the sur- 
face layer and in slope, stoniness, or some other char- 
acteristic that affects use of the soils. On the basis of 
such differences, soil series are divided into phases. 
For example, Sioux loamy coarse sand, 0 to 6 per- 
cent slopes, is one of several phases in the Sioux series. 

After a guide for classifying and naming the soils 
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had been worked out, the soil scientists drew the boun- 
daries of the individual soils on aerial photographs. 
These photographs show woodlands, buildings, field 
borders, trees, and other details that help in drawing 
boundaries accurately. The soil map at the back of this 
publication was prepared from aerial photographs. 

The areas shown on a soil map are called mapping 
units. On most maps detailed enough to be useful in 
planning the management of farms and fields, a map- 
ping unit is nearly equivalent to a soil phase. It is not 
exactly equivalent, however, because it is not practical 
to show on such a map all the small, scattered bits of 
soil of some kind that have been seen within an area 
that is dominantly of a recognized soil phase. 

Some mapping units are made up of soils of differ- 
ent series, or of different phases within one series. 
Such mapping units are shown on the soil map of 
Grant County as soil complexes. 

A soil complex consists of areas of two or more 
soils, so intricately mixed or so small that they cannot 
be shown separately on the soil map. Each area of a 
complex contains some of each of the two or more 
dominant soils, and the pattern and relative propor- 
tions are about the same in all areas. Generally, the 
name of a soil complex consists of the names of the 
dominant soils, joined by a hyphen. Barnes-Langhei 
loams, 3 to 6 percent slopes, is an example. 

In most areas surveyed there are places where the 
soil material is so rocky, so shallow, so severely eroded, 
or so variable that they have not been classified by 
soil series. These places are shown on the soil map 
and are described in the survey, but they are called 
land types and are given descriptive names. Marsh 
is a land type in this survey. 

While a soil survey is in progress, soil scientists 
take soil samples needed for laboratory measurements 
and for engineering tests. Laboratory data from the 
same kind of soil in other places are also assembled. 
Data on yields of crops under defined practices are as- 
sembled from farm records and from field or plot ex- 
periments on the same kind of soils. Yields under 
defined management are predicted for all the soils. 

Soil scientists observe how soils behave when used 
aS a growing place for native and cultivated plants 
and as material for structures, foundations for struc- 
tures, or covering for structures. They relate this 
behavior to properties of the soils. For example, they 
observe that filter fields for onsite disposal of sewage 
fail on a given kind of soil, and they relate this to the 
slow permeability of the soil or to its high water 
table. They see that streets, road pavements, and 
foundations for houses are cracked on a particular soil, 
and they relate this failure to the high shrink-swell 
potential of the soil material. Thus, they use observa- 
tion and knowledge of soil properties, together with 
available research data, to predict limitations or suit- 
ability of soils for present and potential uses. 

After data have been collected and tested for the key, 
or benchmark, soils in a survey area, the soil scientists 
set up trial groups of soils. They test these groups 
further by study and by consultation with farmers, 
agronomists, engineers, and others. They then adjust 
the groups according to the results of their studies and 
consultation. Thus, the groups that are finally evolved 


reflect up-to-date knowledge of the soils and their 
behavior under current methods of use and manage- 
ment. 


General Soil Map 


The General Soil Map at the back of this survey 
shows, in color, the soil associations in Grant County. 
А soil association is a landscape that has a distinctive 
pattern of soils in defined proportions. It typically con- 
sists of one or more major soils and at least one minor 
soil, and it is named for the major soils. The soils in 
an association can occur in other associations, but in 
different patterns. 

А map showing soil associations is useful to people 
who want a general idea of the soils in a survey area, 
who want to compare different parts of that area, or 
who want to locate large tracts that are suitable for a 
certain kind of land use. Such a map is also a useful 
general guide for broad planning of recreational fa- 
cilities and community developments and such engi- 
neering works as transportation corridors. However, 
it is not a suitable map for detailed planning of man- 
agement of а farm or field or for selecting the exact 
location of a road or building or other structure, be- 
cause the soils within an association generally vary in 
Slope, depth, stoniness, drainage, and other character- 
istics that affect their management. 

The soil associations in this survey area have been 
grouped into three general kinds of landscape for broad 
interpretative purposes. Each of the broad groups and 
the soil associations in each group are described on the 
following pages. 

The names, descriptions, and delineations of the soils 
in this published soil survey do not always agree or 
join fully with soil maps of adjoining counties pub- 
lished at an earlier date. Differences are the result 
of better knowledge about soils or modification and 
refinements in soil series concepts. In addition, the 
correlation of a recognized soil is based upon the acre- 
age of that soil and its dissimilarity to adjacent soils 
in the survey area. Frequently it is more feasible to in- 
clude soils of small extent with smaller soils if manage- 
ment and response are much the same, rather than to 
map them separately. The soil descriptions reflect 
these combinations. Other differences are brought 
about by the predominance of different soils in tax- 
onomic units made up of two or three series. Still an- 
other difference may be caused by the range in slope 
allowed in the mapping unit for each survey. 


Neutral to Moderately Alkaline Soils 
of the Lake Plain 


These are neutral to moderately alkaline, nearly 
level, very poorly drained to moderately well drained 
loamy soils. Nearly all areas are cultivated. Corn, soy- 
beans, sunflowers, small grains, and hay grow well. 


1. Wheatville-Grimstad association 


Somewhat poorly drained and moderately well drained, 
nearly level soils that formed in loamy and sandy ma- 
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terial overlying waterworked, calcareous loamy and 
clayey material 


The soils in this association are nearly level and are 
on a lake plain. Many small, shallow depressions are 
present throughout the area. 

The association makes up about 2 percent of the 
county. It is about 35 percent Wheatville soils, 30 
percent Grimstad soils, and 35 percent minor soils. 

The Wheatville soils are somewhat poorly drained 
and moderately well drained. They have a surface 
layer of black, calcareous very fine sandy loam. The 
top part of the underlying material is calcareous very 
fine sandy loam that grades to loamy very fine sand. It 
is underlain by calcareous silty clay. 

The Grimstad soils are somewhat poorly drained 
and moderately well drained. They have a surface 
layer of black, calcareous very fine sandy loam. The 
top part of the underlying material is calcareous loamy 
fine sand underlain by calcareous clay loam. 

The minor soils in this association are in the Rock- 
well, Hecla, Kittson variant, Towner, and other series. 
Kittson variant and Rockwell soils are very poorly 
drained and poorly drained and are in the shallow de- 
pressions. Hecla and Towner soils are moderately well 
drained and are nearly level. 

Most of the soils of this association are used for 
cultivated crops. Small grains, sunflowers, corn, and 
Soybeans are the main crops. Cash cropping is the 
main farming enterprise. 

The soils have a high potential for farming. Soil 
blowing and wetness are the main limitations that 
affect use and management of the soils in this associa- 
tion. Most of them have a high content of lime. 


2. Roliss-Towner association 


Poorly drained, very poorly drained, and moderately 
well drained, nearly level soils that formed in loamy 
and sandy waterworked material and in the underlying 
calcareous loamy glacial till 


The soils in this association are nearly level. They 
occupy the glacial lake basin. Broad, nearly level areas 
dominate the landscape. Many shallow depressions 
and slight rises that are better drained than the de- 
pressions are in these areas. 

The association makes up about 18 percent of the 
county. It is about 45 percent Roliss soils, 15 percent 
Towner soils, and 40 percent minor soils. 

The Roliss soils are very poorly drained and poorly 
drained. The surface layer is black loam. The subsoil 
is olive-gray loam. The underlying material is cal- 
careous, grayish-brown clay loam. Roliss soils are 
nearly level and are in slightly concave areas in the 
lake basin. 

The Towner soils are moderately well drained. They 
have a surface layer of black fine sandy loam. The 
subsoil is very dark grayish-brown and light olive- 
brown loamy fine sand. The upper part of the under- 
lying material is light brownish-gray and gray loam, 
and the lower part is light olive-brown clay loam. 
Towner soils are on slight rises and beach ridges in 
the glacial lake basin. 

The minor soils in this association are in the Kittson, 
Grimstad, Vallers, and other series. Kittson soils are 


nearly level and are somewhat poorly drained to mod- 
erately well drained. Grimstad soils are nearly level to 
slightly convex. They are somewhat poorly drained 
to moderately well drained and are calcareous. Vallers 
soils are nearly level, poorly drained, and calcareous. 

Nearly all the soils of this association are used for 
cultivated crops. Small grains and sunflowers are the 
most common crops, but some corn and. soybeans are 
grown. Cash cropping is the main farming enterprise. 

The soils have a high potential for farming. The 
main management needs are drainage, controlling 
erosion, conservation of misture, and improvement and 
maintenance of fertility and tilth. 


Neutral to Mildly Alkaline Soils of the 
Outwash Plains and Beach Ridges 


These are neutral to mildly alkaline, nearly level to 
steep, somewhat excessively drained to excessively 
drained loamy and sandy soils underlain by gravelly 
outwash. They generally are droughty and poorly suited 
to crops. Some areas can be irrigated. 


3. Arvilla-Sioux association 


Somewhat excessively drained and excessively drained, 
nearly level to steep soils that formed in loamy and 
sandy material over gravelly outwash 


The soils in this association are mainly nearly level 
to rolling, but they are steep in places around sloughs, 
potholes, and drainageways (fig. 2). They are in the 
Pomme de Terre River valley, on beach ridges of the 
glacial lake, and in other small areas scattered through- 
out the county. The Pomme de Terre River valley has 
steep walls and is 40 to 80 feet below the uplands. 
The beach ridges rise 5 to 20 feet above the surround- 
ing land. The river valley consists of stream terraces 
that lie above the present river channel. In many 
places the soils on these terraces are nearly level and 
smooth; in some places they are undulating to rolling. 

The association makes up about 5 percent of the 
county. It is about 30 percent Arvilla soils, 30 percent 
Sioux soils, and 40 percent minor soils. 

The Arvilla soils are somewhat excessively drained. 
They have a surface layer of black sandy loam. The 
upper part of the subsoil is very dark grayish-brown 
and dark grayish-brown coarse sandy loam. The lower 
part is dark grayish-brown gravelly loamy coarse 
sand. The underlying materia] is pale brown gravelly 
coarse sand. This soil is nearly level to undulating. 

The Sioux soils are excessively drained. They have 
a surface layer of black loamy coarse sand. The under- 
lying material is gravelly coarse sand. Sioux soils in 
this association are undulating to steep. 

The minor soils in this association are in the La- 
moure, Forada, Arveson, Maddock, and other series 
and Alluvial land, frequently flooded, and Marsh. 
Lamoure soils are poorly drained and very poorly 
drained and are on bottom lands adjacent to streams 
and drainageways. Alluvial land, frequently flooded, is 
adjacent to streams. It is either submerged ог is соу- 
ered with wetland grasses, reeds, and sedges. Forada 
soils are very poorly drained and poorly drained, 
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Figure 2.—Typical pattern of soils in the Arvilla-Sioux association. 


nearly level soils of stream terraces, outwash plains, 
and glacial lake beaches. Arveson soils are calcareous 
and are poorly drained and very poorly drained. They 
are nearly level and are along glacial lake beaches. 
Maddock soils are well drained, are undulating to roll- 
ing, and are on uplands and stream terraces. 

Arvilla soils in this association are mainly under 
eultivation. А few areas are in pasture. Sioux soils 
are mainly used for pasture and wildlife habitat. The 
Soils of this association are subject to drought and 
erosion. Cash cropping, dairying, and beef raising are 
the main farming enterprises. 

The soils have a medium potential for farming. 
Small grains or early-maturing crops are best suited 
because they make best use of limited moisture. Ar- 
villa soils and some Sioux soils are suited to irrigation. 
The soils in this association provide most of the sand 
and gravel used in the county. 


Neutral to Moderately Alkaline Soils of the 
Uplands 


These are neutral to moderately alkaline, nearly 
level to steep, poorly drained to somewhat excessively 
drained loamy and silty soils. Nearly all areas are culti- 
vated. A few areas are used for pasture. Corn, soy- 
beans, sunflowers, small grains, and hay grow well. 


4. Hamerly-McIntosh association 


Somewhat poorly drained to moderately well drained, 
nearly level soils that formed in calcareous loamy gla- 
cial till and silty sediment over loamy glacial till 


The soils in this association are nearly level but not 
smooth. The surface has a knobby or choppy appear- 
ance and is pitted with depressions and dissected by 
drainageways. Many marshes and a few shallow lakes 
are present, 

The association makes up about 2 percent of the 
county. It is about 35 percent Hamerly soils, 30 per- 
cent McIntosh soils, and 35 percent minor soils. 

The Hamerly soils are somewhat poorly drained to 
moderately well drained and calcareous. They have a 
surface layer of black clay loam. The underlying ma- 
terial is clay loam glacial till. 

The McIntosh soils are somewhat poorly drained 
to moderately well drained and calcareous. They have 
a surface layer of black silt loam. The upper 15 inches 
of the underlying material is silt loam. Below this is 
clay loam glacial till. 

The minor soils in this association are in the Aaz- 
dahl, Flom, Vallers, Quam, and Parnell series. Aazdahl 
soils are on broad, smooth appearing areas. Flom, 
Quam, and Parnell soils are in swales, drainageways, 
and low, concave areas. Vallers soils are on rises and 
around some low, wet areas. 
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Most of the soils of this association are cultivated. 
Small grains, corn, soybeans, and sunflowers are the 
main crops. Areas that are too wet to cultivate are 
used for wildlife habitat or pasture. Cash grain is the 
predominant form of farming, but a few livestock en- 
terprises are scattered throughout the area. 

This association has a high potential for farming. 
Soil blowing is a hazard on unprotected areas. The 
high lime content of the Hamerly and McIntosh causes 
a nutrient imbalance, which can limit the types of 
erops grown or reduce yields. Wetness in depressions 
and drainageways is a limitation. 


5. Formdale-Aazdahl association 


Well drained and moderately well drained, nearly level 
to rolling soils that formed in calcareous loamy glacial 
ti 


The soils in this association are nearly level to roll- 
ing (fig. 8). Slopes generally are short and complex, 
but in a few areas they are uniform. A few lakes and 
many marshes and potholes are present. Slopes 
around these areas are steeper. 

The association makes up about 28 percent of the 
county. It is about 30 percent Formdale soils, 30 per- 
cent Aazdahl soils, and 40 percent minor soils. 

The Formdale soils are well drained. They have a 


surface layer of black clay loam. The subsoil is dark- 
brown clay loam. The underlying material is light 
olive-brown, calcareous clay loam. Formdale soils gen- 
erally lie higher on the landscape than Aazdahl soils 
and the minor soils. 

The Aazdahl soils are moderately well drained. They 
have a surface layer of black clay loam. The subsoil 
is dark grayish-brown clay loam. The underlying ma- 
terial is grayish-brown and light olive-brown clay loam. 
This nearly level soil is in small to large, broad, 
irregularly shaped areas adjacent to areas of Formdale 
soils. 

'The minor soils in this association are in the Ham- 
erly, Vallers, Flom, Quam, Parnell, and Langhei series. 
Hamerly and Vallers soils are nearly level, calcareous, 
and moderately well drained to poorly drained. They 
are in areas and rims around smaller, shallower depres- 
sions. Flom soils are nearly level and poorly drained 
and are in lower areas, shallow depressions, and 
drainageways. Quam and Parnell soils are very poorly 
drained and are in potholes and deeper depressions. 
Langhei soils are somewhat excessively drained and 
calcareous. They are on knobs and knolls. 

Most of the soils of this association are used for 
erops. Small grains, along with some corn, soybeans, 
and sunflowers, are the main crops. Cash cropping and 
beef feeding are the main farming enterprises. 


Figure 3.—Typical pattern of soils in the Formdale-Aazdahl association. 


6 SOIL SURVEY 


These soils are some of the best in the county for 
farming, and they have a high potential for farming. 
The management needs in this association are erosion 
control and improving and maintaining tilth and fer- 
tility. Drainage is needed on the poorly drained and 
very poorly drained minor soils. 


6. Hamerly-Aazdahl-Flom association 


Moderately well drained to poorly drained, nearly level 
soils that formed in calcareous loamy glacial till 


The soils in this association are mainly nearly level, 
but in many places swells and swales are present 
(fig. 4). Many depressions, potholes, drainageways, 
and marshes and a few shallow lakes are in this as- 
sociation. Differences in relief are slight. Runoff col- 
lects in the many depressions and marshes. 

The association makes up about 15 percent of the 
county. It is about 30 percent Hamerly soils, 20 percent 
Aazdahl soils, 20 percent Flom soils, and 30 percent 
minor soils. 

The Hamerly soils are somewhat poorly drained 
and moderately well drained and are calcareous. They 
have a surface layer of black clay loam. The under- 
lying material of glacial till is clay loam. Hamerly soils 
are on the crests of many slopes and are adjacent to 
potholes, depressions, and drainageways. The topog- 
raphy in areas of Hamerly soils appears choppy or 


knobbly and is pitted with depressions and drainage- 
ways. 

The Aazdahl soils are moderately well drained. They 
have a surface layer of noncalcareous black clay loam. 
The subsoil is dark grayish-brown clay loam. The un- 
derlying material is grayish-brown and light olive- 
brown clay loam. Aazdahl soils have smooth-appearing, 
slightly convex slopes. - 

The Flom soils are poorly drained and are поп- 
calcareous in the surface layer. They have a surface 
layer of black silty clay loam. The subsoil is dark 
grayish-brown clay loam. The underlying material is 
calcareous clay loam glacial till. Flom soils are in 
shallow depressions, drainageways, and broad flats. 

The minor soils in this association are in the Vallers, 
Parnell, Quam and Formdale series. Vallers soils are 
on rims and low rises around and between depressions. 
Parnell and Quam soils are in deep depressions and 
potholes. Formdale soils are in relatively high, well- 
drained areas. This association also includes an area of 
the clayey Sinai soils immediately west of the Pomme 
de Terre River in the southern part of the county. 
Many marshes and shallow lakes are scattered over the 
landscape. 

Most of the soils of this association are used for 
cultivated crops, but undrained, wet areas are used 
for pasture and wildlife. Small grains, corn, soybeans, 


Figure 4.—Typical pattern of soils in the Hamerly-Aazdahl-Flom association. 
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and sunflowers are the main crops. Cash grain is the 
predominant form of farming, but some livestock is 
also raised. 

The soils have a high potential for farming. Wet- 
ness is the main concern in management. Soil blowing 
is a hazard in some unprotected areas. The high lime 
content of Hamerly soils causes a nutrient imbalance, 
.. can limit the types of crops grown or reduce 
yields. 


7. Barnes-Svea association 


Well drained. and moderately well drained, nearly level 
to undulating soils that formed in calcareous loamy 
glacial till 


The soils in this association are nearly level to un- 
dulating. Depressions, potholes, and drainageways are 
present in places. Some small shallow lakes and marshes 
and a few steeper soils are in this association. 

The association makes up about 8 percent of the 
county. It is about 35 percent Barnes soils, 30 percent 
Svea soils, and 35 percent minor soils. 

The Barnes soils are well drained and are noncal- 
careous in the surface layer. They have a surface 
layer of black loam. The subsoil is dark grayish-brown 
loam. The underlying material is calcareous, light 
olive-brown loam. The undulating part of this associa- 
tion consists of Barnes soils. 

The Svea soils are moderately well drained. They 
have a surface layer of black loam. The subsoil is very 
dark brown and dark-brown loam. The underlying 
material is calcareous loam glacial till. Svea soils are 
nearly level. 

The minor soils in this association are in the Langhei, 
Hamerly, Flom, Parnell, and Quam series. Langhei 
soils are in more sloping areas and on knolls that have 
convex slopes. Hamerly soils are on slight rises be- 
tween depressions. Parnell and Quam soils are mainly 
in depressions and potholes, and Flom soils are dom- 
inantly in drainageways and shallow depressions. 

Most of the soils of this association are cultivated. 
Corn, soybeans, and small grains are the main crops, 
but some areas of steeper soils and wet areas are used 
for pasture. Farming is divided among dairy farms, 
beef cattle operations, and cash-grain operations. 

The soils have a high potential for farming. The 
association includes some of the best farm land in the 
county. Wetness is the main concern in management. 
РК. blowing is а hazard on unprotected, nearly level 
soils. 


8. Langhei-Barnes-Formdale association 


Somewhat excessively drained. and well-drained, undu- 
lating to very steep soils that formed in calcareous 
loamy glacial till 


The soils in this association are undulating to very 
steep. Depressions, potholes, and drainageways are 
present in places. Many of the steeper slopes are dis- 
sected by waterways. The undulating slopes generally 
are short and complex and extend in many directions. 
The steep slopes generally are long and in one direc- 
tion. Some small, shallow lakes and marshes and one 
large lake are in this association. 

The association makes up about 22 percent of the 


county. It is about 40 percent Langhei soils, 15 percent 
Barnes soils, 15 percent Formdale soils, and 30 percent 
minor soils. А 

The Langhei soils are somewhat excessively drained 
and ealeareous. The surface layer is calcareous, dark 
grayish-brown loam. In places it has been completely 
removed by erosion, and the light-colored underlying 
material is exposed. In areas of Langhei soils associated 
with Formdale soils, the underlying material is loam 
glacial till and elay loam. Langhei soils are on the 
crests of most slopes in this association. 

The Barnes soils are well drained. They have a sur- 
face layer of noncalcareous, black loam. The subsoil 
is dark-brown loam. The underlying material of glacial 
till is caleareous loam. Slope is less steep and more 
uniform in areas of Barnes soils than it is in other 
areas. 

The Formdale soils are well drained. They have 
a surface layer of black clay loam and a subsoil of 
dark-brown clay loam. The underlying material is 
olive-brown, calcareous clay loam. Formdale soils are 
on the less steep parts of the slopes. 

The minor soils in this association are in the Darnen, 
Flom, Svea, Hamerly, and Quam series. Svea and 
Hamerly soils are nearly level and are somewhat 
poorly drained to moderately well drained. Darnen 
soils are moderately well drained. They are at the 
bases of the steeper slopes. Quam soils are in the 
larger depressions. 

Most of the soils of this association are cultivated. 
Where cultivated crops can be grown, small grains 
dominate. Corn and soybeans are also grown. Much of 
the area that is too steep for cultivated crops is used 
for pasture or wildlife habitat. Dairying, beef feeding, 
raising hogs, and cash crops are the main farming 
enterprises. 

Farming potential varies, depending on the steep- 
ness of slopes. Water erosion is the major concern in 
management. The calcareousness of the Langhei soil 
is a concern, because it requires specific management 
and often limits the type of crops that can be grown. 


Descriptions of the Soils 


This section describes the soil series and mapping 
units in Grant County. Each soil series is described in 
detail, and then, briefly, each mapping unit in that 
series is described. Unless it is specifically mentioned 
otherwise, it is to be assumed that what is stated about 
the soil series holds true for the mapping units in that 
series. Thus, to get full information about any one 
mapping unit, it is necessary to read both the descrip- 
tion of the mapping unit and the description of the soil 
series to which it belongs. 

An important part of the description of each soil 
series is the soil profile, 1.6., the sequence of layers 
from the surface downward to rock or other under- 
lying material. Each series contains two descriptions 
of this profile. The first is brief and in terms familiar 
to the layman. The second is much more detailed and 
is for those who need to make thorough and precise 
studies of soils. Color terms apply to moist soil unless 
otherwise stated. The profile described in the series is 
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representative of mapping units in that series. If the 
profile of a given mapping unit is different from the 
one described as representative of the series, these 
differences are stated in the description of the map- 
ping unit, or they are differences that are apparent in 
the name of the mapping unit. 

As mentioned in the section *How This Survey Was 
Made," not all mapping units are members of a soil 
series. Alluvial land, frequently flooded, for example, 
does not belong to a soil series, but it is listed in alpha- 
betic order along with the soil series. 

Preceding the name of each mapping unit is the sym- 
bol that identifies the mapping unit on the detailed soil 
map. Listed at the end of the description of each map- 
ping unit are the capability unit, windbreak suitability 
£roup, recreation group, and pasture and hayland 
group in which the mapping unit has been placed. The 
page for the description of each of these interpretive 
groups can be found by referring to the "Guide to 
Mapping Units" at the back of this survey. 

The approximate acreage and proportionate extent 
of each mapping unit are shown in table 1. Many of 
the terms used in describing soils can be found in the 
Glossary at the end of this survey, and more detailed 
information about the terminology and methods of 
soil mapping can be obtained from the Soil Survey 
Manual (4). 
| The names, descriptions, and delineations of soils 
in the published soil survey do not in all places agree 
or join fully with those on soil maps of adjoining 
counties. Differences are the result of better knowledge 
of Soils or of modifications and refinements in soil 
serles concepts. In addition, the correlation of a recog- 
nized | soil is based upon the acreage of that soil 
and its dissimilarity to adjacent soils within the 
survey area. It is frequently more feasible to in- 
clude soils of small extent with similar soils where 
management and response are much the same rather 
than to map them separately. The soil descriptions 
reflect these combinations. Other differences are 
brought about by the dominance of different soils in 
mapping units made up of soils in two or three series. 
Still another difference can be the result of the range 
in slope allowed within the mapping unit for each 
survey. 


Aazdahl Series 


The Aazdahl series consists of nearly level, mod- 
erately well drained soils that formed in calcareous 
loamy glacial till. 

In a representative profile the surface layer is black 
clay loam about 14 inches thick. The subsoil is dark 
grayish-brown, friable clay loam about 6 inches thick. 
The underlying material is clay loam. The upper 16 
inches of this layer is grayish brown, and the lower 
part is light olive brown. 

Aazdahl soils have high natural fertility, high 
organic-matter content, and moderate to high available 
water capacity. Permeability is moderate. The surface 
layer is neutral. It is fairly easy to work. 

Aazdahl soils are used mainly for cultivated crops. 


З Italic numbers in parentheses refer to Literature Cited, p. 84. 


They are suited to all crops commonly grown in the 
county. 

Representative profile of Aazdahl clay loam, 1 to 8 
percent slopes, 10 feet south and 10 feet west of the 
northeast corner of sec. 28, T. 128 N., R. 48 W.: 


А1—0 to 14 inches, black (10YR 2/1) clay loam; moderate, 
fine, granular structure; friable; many roots; 
about 2 percent coarse fragments; neutral; grad- 
ual, smooth boundary. 

B2—14 to 20 inches, dark grayish brown (2.5Y 4/2) clay 
loam; weak, fine, subangular blocky structure; 
friable; many roots; about 5 percent coarse frag- 
ments; neutral; abrupt, wavy boundary. 

C1ca— 20 to 36 inches, grayish brown (2.5Ү 5/2) clay loam; 
weak, medium, subangular blocky structure; fri- 
able; about 5 percent coarse fragments; strong 
effervescence; moderately alkaline; gradual, wavy 
boundary. 

C2—36 to 60 inches, light olive brown (2.5Y 5/4) clay 
loam; common, fine, prominent, yellowish brown 
(10YR 5/6) and few, fine, prominent, gray (5Y 
5/1) mottles; structureless; about 5 percent coarse 
fragments; strong effervescence; moderately alka- 
line. 


Depth to free carbonates ranges from 16 to 26 inches, 
The A horizon generally is black, but in places in its lower 
part, it is very dark gray. It generally is clay loam, but it 
is silty clay loam in places. The combined thickness of the 
Ap and Al horizons ranges from 10 to 14 inches, The B 
horizon generally is very dark grayish brown and dark 
grayish brown. It generally is clay loam, but it is silty clay 
loam in places. The B horizon is 2 to 10 inches thick. The 
Cea horizon generally is light olive brown, light yellowish 
brown, and grayish brown. It is 6 to 20 inches thick. The 
calcium carbonate equivalent ranges from 18 to 30 percent. 
The C2 horizon generally is light olive brown or light yel- 
lowish brown. Mottles range from few to many and are 
distinct or prominent. The calcium carbonate equivalent 
ranges from 12 to 20 percent. 

Aazdahl soils are associated with Formdale and Flom 
soils and are similar to Svea soils. They have a thicker A 
horizon and are wetter than Formdale soils. They are better 
drained than Flom soils and have a higher content of clay 
and silt than Svea soils. 

26—Aazdahl clay loam, 1 to 3 percent slopes. This 
nearly level soil is in small to very large, broad, ir- 
regularly shaped areas. The large, broad areas norm- 
ally have many small depressions. Slopes are plane and 
slightly convex. This soil has the profile described as 
representative of the series. 

Included with this soil in mapping are small areas of 
Formdale and Hamerly soils that are more sloping than 
this soil, areas of Flom soils at lower elevations, and 
some areas of soils that have a surface layer that is 
thicker than the one in the profile described as repre- 
sentative of the series. Also included are areas of 
Quam and Parnell soils in small depressions, 14 acre 
to 3 acres in size, that are shown on the detailed soil 
map by a spot symbol. НТ 

_ This Aazdahl soil is productive and has few limita- 
tions. It is used for cultivated crops. It is suited to all 
crops commonly grown in the county. Capability unit 
I-1; windbreak suitability group 1; recreation group 
1; pasture and hayland group 1. 

900—Aazdahl-Hamerly-Parnell complex, 0 to 2 per- 
cent slopes. This mapping unit consists of nearly 
level soils in quite large areas on the till plains west of 
the Pomme de Terre River. Depressions and draws 

are scattered throughout the area and give it a 
bumpy appearance. Although the relative composition 
of this complex is variable, the Aazdahl soil makes 
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TABLE 1.—Approximate acreage and proportionate extent of the soils 


Aazdahl clay loam, 1 to 3 percent slopes ..... 
Aazdahl-Hamerly-Parnell complex, 0 to 2 per- 
cent slopes ___._____---.._--.--_--------- 
Alluvial land, frequently flooded 
Arveson fine sandy loam -_______.__..__-._- 
Arvilla sandy loam, 0 to 2 percent slopes .... 
Arvilla sandy loam, 2 to 6 percent slopes .... 
Barnes loam, 2 to 5 percent slopes _________ 
Barnes-Langhei loams, 3 to 6 percent slopes __ 
Barnes-Svea loams, 1 to 3 percent slopes .... 
Bearden silt loam, 0 to 2 percent slopes ..... 
Darnen loam, 1 to 4 percent slopes 
Fargo silty clay —-.------------------------ 
Flom silty clay loam _.__-________._--_----- 
Forada sandy loam _____.-__________---_--_ 
Fordville loam, 0 to 2 percent slopes ........ 
Formdale clay loam, 2 to 5 percent slopes .... 
Formdale-Aazdahl-Flom complex, 1 to 4 per- 
cent slopes ______.__-._--.________-.__---- 
Formdale-Langhei clay loams, 3 to 6 percent 
SlopeS ИЕЛЕНЕ КЕ ТА ЕНСЕ КИЛЕН 
Glyndon silt loam, 0 to 2 percent slopes 
Grimstad-Towner complex, 0 to 2 percent 
slopes 1 su e eee wie wd та 
Hamerly clay loam, 1 to 3 percent slopes .... 
Hamerly-Parnell complex, 0 to 3 percent 
Slopes самим ert e e ua 
Hecla loamy fine sand, 0 to 2 percent slopes __ 
Kittson very fine sandy loam, 0 to 2 percent 
Slopes: ES ESSE 
Kittson fine sandy loam, gray subsoil vari- 
ANT а ааа EAs SE as 
Lake beaches _________-__._____._____ 
Lamoure silt loam ------------------------ 
Lamoure silt loam, frequently flooded ....... 
Langhei loam, 18 to 35 percent slopes ....... 
Langhei-Barnes loams, 6 to 12 percent slopes, 
epoded MCN 
Langhei-Barnes loams, 12 to 18 percent slopes, 
eroded 
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up 80 to 50 percent of most areas, the Hamerly soil 20 
to 40 percent, and the Parnell soil 10 to 20 percent. 
The Parnell soil is in depressions and waterways, the 
Hamerly soil is on small rises around and between 
depressions, and the Aazdahl soil is in broad, nearly 
level areas that have plane to slightly convex: slopes. 

Included with these soils in mapping are small areas 
of Formdale soils that are steeper than these soils and 
small areas of Vallers soils on the rims around the 
depressions. Also included in some places are areas of 
Flom soils in drainageways. 

These soils are used for cultivated crops. They are 
suited to all crops commonly grown in the county. 
Excess lime near the surface of the Hamerly soil 
causes an imbalance of nutrients that can be improved 
by fertilization. The Parnell soil is wet and requires 
improved drainage. 

Тће main management needs are controlling erosion 
and improving drainage, fertility, and tilth. Capability 
unit Пе-2; Aazdahl part in windbreak suitability 
group 1, Hamerly part in windbreak suitability group 
2, Parnell part in windbreak suitability group 7; Aaz- 
dahl and Hamerly parts in recreation group 1, Parnell 
part in recreation group 4; Aazdahl and Hamerly parts 


Langhei-Formdale clay loams, 6 to 12 percent 
slopes, eroded 3 
Langhei-Formdale clay loams, 12 to 18 percent 
slopes, eroded 
Maddock loamy sand, 1 to 6 percent slopes ... 
Maddock loamy sand, 6 to 18 percent slopes __ 
Marsh 
McIntosh silt loam, 0 to 2 percent slopes .... 
Oldham silty clay loam 
Parnell silty clay loam 
Quam silty clay loam ......... "T 
Rockwell loam 
Rockwell-Vallers complex 
Roliss loam 
Roliss complex 
Roliss-Vallers complex 
Rothsay silt loam, 2 to 6 percent slopes 
Sinai silty clay, 1 to 6 percent slopes 
Sinai silty clay, 6 to 12 percent slopes 
Sioux gravelly loamy coarse sand, 12 to 35 per- 
cent slopes 
Sioux loamy coarse sand, 0 to 6 percent 
slopes 
Sioux loamy coarse sand, 6 to 12 percent 
slopes 
Svea loam, 1 to 3 percent slopes 
Svea-Hamerly loams, 1 to 3 percent slopes ... 
Sverdrup sandy loam, 2 to 6 percent slopes .. 
Towner fine sandy loam, 0 to 2 percent slopes . 
Ulen loamy fine sand, 0 to 2 percent slopes ___ 
Urness mucky silt loam 
Vallers clay loam 
Vallers clay loam, firm subsoil 
Waukon loam, 4 to 12 percent slopes 
Waukon loam, 12 to 24 percent slopes 
Wheatville very fine sandy loam, 0 to 2 per- 
cent slopes 
Gravel pits 
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in pasture and hayland group 1, Parnell part in pas- 
ture and hayland group 6. 


Alluvial Land, Frequently Flooded 


1002—Alluvial land, frequently flooded. This land 
type consists of nearly level, dark-colored loamy and 
sandy material recently deposited by rivers and 
streams. It is in areas adjacent to streams and rivers 
and lies 1 to 3 feet higher than the adjacent streams. 
Some areas are dissected by stream channels. Areas 
of this land type are frequently flooded during periods 
of excessive rainfall. Slopes range from 0 to 2 percent. 

This land type consists of stratified material that 
ranges in texture from coarse sand to silty clay loam 
but generally is loam or silt loam. It varies consider- 
ably within short distances. In places it has a thin 
mucky surface layer. The surface layer ranges from 
neutral to moderately alkaline. Most areas are poorly 
drained, but some are very poorly drained or moder- 
ately well drained. Deposits are so recent that a soil 
profile has not formed, although the material is mottled 
in places. Because of the low-lying position, the water 
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table is at a depth of 1 to 3 feet during a large part of 
the growing season. 

This land type is better suited to pasture, woodland, 
or wetland wildlife than to other uses. Pastured areas 
often become hummocky. A few slightly better drained 
areas are cultivated. Capability unit VIw-1; windbreak 
suitability group 7; recreation group 4; pasture and 
hayland group 5. 


Arveson Series 


The Arveson series consists of very poorly drained 
and poorly drained, calcareous, level to slightly de- 
pressional soils. These soils formed in calcareous loamy 
material underlain by caleareous sandy outwash 
material. 

In a representative profile the surface layer is about 
21 inches thick. The upper 7 inches of this layer is 
black fine sandy loam, and the lower 14 inches is very 
dark gray fine sandy loam. The underlying material is 
fine sand. The upper part is light gray, and the lower 
part is light brownish gray. 

Arveson soils have high organic-matter content, 
medium natural fertility, and moderate available water 
capacity. Permeability is moderately rapid. The sur- 
face layer is moderately alkaline. 

The high content of lime of these soils causes an 
imbalance of available plant nutrients. Because Arve- 
son soils have a high water table, they are not well 
suited to cultivated crops. Drainage is needed for 
continuous growth of crops, and most areas are 
drained. Undrained areas are used for pasture and 
wildlife habitat. 

Representative profile of Arveson fine sandy loam, 
195 feet north and 595 feet west of the southeast 
corner of sec. 12, T. 128 N., R. 44 W.: 


Ар—0 to 7 inches, black (10YR 2/1) fine sandy loam; 
weak, medium, subangular blocky structure part- 
ing to weak, very fine, granular; friable; strong 
effervescence; moderately alkaline; abrupt, smooth 
boundary. 

Alca—7 to 21 inches, very dark gray (10YR 3/1) fine 
sandy loam; weak, medium, subangular blocky 
Structure parting to weak, very fine, granular; 
friable; violent effervescence; moderately alkaline; 
gradual, wavy boundary. 

IIC1—21 to 34 inches, light gray (2.5Y 7/2) fine sand; few, 
medium, distinct, pale yellow (5Y 7/4) mottles; 
single grained; loose; slight effervescence; mildly 
alkaline; clear, wavy boundary. 

ПС2--34 to 60 inches, light brownish gray (2.5Y 6/2) fine 
sand; single grained; loose; slight effervescence; 
mildly alkaline. 


The Ap horizon is 6 to 10 inches thick, and the А1са hori- 
Zon is 8 to 16 inches thick. The Ap horizon is loam in 
places. Depth to underlying sand or fine sand ranges from 
16 to 24 inches. 

Arveson soils are associated with Rockwell and Ulen 
soils. They do not have a clay loam substratum, unlike 
Rockwell soils. They are wetter than Ulen soils. 

61—Arveson fine sandy loam (0 to 2 percent slopes). 
This nearly level and slightly concave soil is in areas 
that vary in size and shape. The landscape associated 
with this soil has a microrelief of shallow swales and 
some irregularly shaped depressions. 

Included with this soil in mapping are small areas 
of Ulen and Rockwell soils. Also included are ‘areas of 
soils that have a surface layer of loamy fine sand. 


Most areas of this soil are used for cultivated 
crops. If adequate drainage is used, the soil is suited 
to all the crops commonly grown in the county. Excess 
lime near the surface causes an imbalance of nutrients 
that can be improved by fertilization. Soil blowing is a 
hazard on fields left unprotected during winter and 
spring. 

The main management needs are controlling erosion 
and improving and maintaining drainage and fertility. 
Capability unit IIIw-2; windbreak suitability group 
4; recreation group 4; pasture and hayland group 4: 


Arvilla Series 


The Arvilla series consists of somewhat excessively 
drained, nearly level to undulating soils that formed 
in loamy material underlain by gravelly outwash at a 
depth of 1 foot to 2 feet. Most areas are in river 
valleys and on beach ridges. 

In a representative profile the surface layer is black 
sandy loam about 5 inches thick. The subsoil is about 
15 inches thick. The upper 7 inches of this layer is 
very dark grayish-brown and dark grayish-brown, 
friable coarse sandy loam, and the lower 8 inches is 
dark grayish-brown, loose gravelly loamy coarse sand. 
The underlying material is mixed pale-brown, light 
yellowish-brown, and light-gray gravelly coarse sand. 

Arvilla soils have low available water capacity, 
medium natural fertility, and moderate organic-matter 
content. The surface layer is neutral. Rooting depth is 
shallow. Permeability is rapid. 

Gravel pits have been opened on these soils and are 
a good source of sand and gravel. In most years, 
droughtiness is a hazard on these soils and restricts 
the growth of crops. 

Representative profile of Arvilla sandy loam, 2 to 
6 percent slopes, 900 feet east and 300 feet north of the 
southwest corner of sec. 7, T. 129 N., R. 41 W.: 


А1—0 to 5 inches, black (10YR 2/1) sandy loam; weak, 
very fine, granular structure; friable; many roots; 
many bleached sand grains; neutral; clear, smooth 
boundary. 

В1—5 to 8 inches, very dark grayish brown (10YR 3/2) 
coarse sandy loam; weak, medium, subangular 
blocky structure; friable; many roots; neutral; 
gradual, smooth boundary. 

B21—8 to 12 inches, dark grayish brown (10YR 4/2) 
coarse sandy loam; weak, medium, subangular 
blocky structure; friable; many roots; neutral; 
abrupt, wavy boundary. 

ПВ22-012 to 20 inches, dark grayish brown (10YR 4/2) 
gravelly loamy coarse sand; single grained; loose; 
slight effervescence; mildly alkaline; abrupt, wavy 
boundary. 

I1C—20 to 60 inches, pale brown (10YR 6/3), light yellow- 
ish brown (10YR 6/4), and light gray (10YR 7/2) 
gravelly coarse sand; single grained; loose; limy 
coatings on underside of pebbles in upper part; 
strong effervescence; mildly alkaline. 


Thickness of the solum and depth to gravelly coarse sand 
or coarser textured material both range from about 14 to 
22 inches. The A horizon generally is black or very dark 
gray. It generally is sandy loam, but it is loam in places. 
The A horizon is 5 to 10 inches thick. The B horizon gen- 
erally is brown, dark brown, dark grayish brown, and very 
dark grayish brown. The B21 horizon generally is sandy 
loam, coarse sandy loam, or loam, and the IIB22 horizon is 
gravelly leamy coarse sand or loamy coarse sand. The B 
horizon is 7 to 16 inches thick. The IIC horizon is gravelly 
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coarse sand; the content of gravel ranges from 15 to 50 
percent. 

In many areas in the county Arvilla soils have more than 
35 percent gravel in the IIC horizon and more organic mat- 
ter in the B horizon. These Arvilla soils are thus outside 
the defined range of the series. This difference does not 
significantly affect their use and management. 

Arvilla soils are associated with Sioux and Fordville soils 
and are similar to Sverdrup soils. They have a thicker 
solum than Sioux soils. They are underlain by gravelly 
coarse sand, and Sverdrup soils are underlain by sand. 
Arvilla soils are shallower to gravelly coarse sand than 
Fordville soils. 

341—Arvilla sandy loam, 0 to 2 percent slopes. This 
nearly level soil is on outwash plains, river terraces, 
glacial beach ridges, and uplands. Areas are irregular 
in size and shape. This soil has a profile that is deeper 
to gravelly coarse sand than the one described as 
representative of the series. 

Included with this soil in mapping are a few areas 
of soils that have the brownish subsoil exposed and 
some areas of soils in which gravel is underlain by 
glacial till at a depth of only a few feet. Also included 
are small areas of Forada soils in draws, Fordville 
soils in slightly concave positions, and small areas of 
Sioux soils. 

Nearly all of this soil is used for cultivated crops, 
but a few areas are used for pasture. The soil is 
suited to all crops commonly grown in the county, but 
it is better suited to early-maturing crops than to other 
varieties because of the hazard of drought. Growth 
of corn and soybeans cannot be predicted; these crops 
often fail if no rain falls for a period of one or two 
weeks. If the soil is left unprotected, soil blowing is a 
hazard during spring and winter. This soil is suited 
to irrigation of field and vegetable crops. 

The main management needs are controlling ero- 
sion, improving fertility, and conserving moisture. 
Capability unit IIIs-1; windbreak suitability group 6; 
recreation group 1; pasture and hayland group 1. 


341B—Arvilla sandy loam, 2 to 6 percent slopes. 
This undulating soil is on outwash plains, stream ter- 
races, glacial beach ridges, and uplands. Areas are 
variable in size and shape. The slopes are short and 
irregular. Narrow drainageways and depressions are 
scattered throughout. This soil has the profile described 
as representative of the series. 

Included with this soil in mapping are a few areas 
of soils that have the brownish subsoil exposed and a 
few small areas of Sioux soils. Also included are small 
areas of Fordville soils near foot slopes, small areas 
of soils that are less sloping, small areas of soils that 
have stronger slopes, and areas of soils that have a 
loam surface layer. 

This soil is used for cultivated crops and pasture. 
It is suited to all crops commonly grown in the county, 
but it is better suited to early-maturing crops than to 
other varieties because of the hazard of drought. This 
Soil is suited to irrigation of field and vegetable crops. 
Water runs off at а medium rate, and the hazard of 
erosion is moderate. 

Тће main management needs are controlling erosion, 
improving fertility, and conserving moisture. Capa- 
bility unit IIIs-2; windbreak suitability group 6; rec- 
reation group 1; pasture and hayland group 7. 


Barnes Series 


The Barnes series consists of well-drained, undu- 
lating to hilly soils that formed in calcareous loam 
glacial till. . 

In a representative profile the surface layer is black 
loam about 8 inches thick. The subsoil is dark-brown, 
friable loam about 8 inches thick. The underlying 
material is light olive-brown loam. i . 

Barnes soils have high natural fertility, high avail- 
able water capacity, and high organic-matter content. 
Permeability is moderate. The surface layer is neutral. 

These soils are friable and are easy to till. If ade- 
quate fertilization and erosion-control practices are 
used, Barnes soils are well suited to all crops com- 
monly grown in the county. 

Representative profile of Barnes loam, in an area of 
Barnes-Langhei loams, 8 to 6 percent slopes, 550 feet 
east and 85 feet south of the northwest corner of sec. 
4, T. 127 М., В. 41 W.: 


Ар—0 to 8 inches, black (10YR 2/1) loam; very dark 
brown (10YR 2/2, crushed) ; weak, fine, subangu- 
lar blocky structure; friable; neutral; abrupt, 
smooth boundary. 

B2—8 to 16 inches, dark brown (10YR 4/3) loam; dark 
grayish brown (10YR 4/2) coatings on faces of 
peds; moderate, fine, prismatic structure parting 
to moderate, fine, subangular blocky; friable; 
about 1 percent coarse fragments; neutral; clear, 
smooth boundary. 

Cica—16 to 28 inches, light olive brown (2.5Y 5/4) loam; 
weak, fine, subangular blocky structure; friable; 
few threads of lime; about 3 percent coarse frag- 
ments; strong effervescence; mildly alkaline; grad- 
ual, wavy boundary. 

C2—28 to 60 inches, light olive brown (2.5Y 5/4) loam; 
few, fine, faint, brown (10YR 5/3) and gray mot- 
tles; weak, fine, subangular blocky structure; fri- 
able; about 3 percent coarse fragments; strong 
effervescence; mildly alkaline. 


Depth to free carbonates ranges from 10 to 20 inches and 
varies within short horizontal distances. The А horizon 
generally is black. In areas where the soil is eroded, it is 
very dark gray or very dark grayish brown. The A horizon 
is 5 to 9 inches thick. The B horizon generally is dark 
brown, dark grayish brown, dark yellowish brown, and 
brown. It is 3 to 11 inches thick. In places a few thin, 
patchy clay films are on the faces of peds. The C horizon 
generally is light olive brown, light yellowish brown, and 
light brownish gray. The calcium carbonate equivalent 
ranges from 10 to 25 percent in the C horizon and higher 
in the Cea horizon. The content of coarse fragments ranges 
from 2 to 10 percent. 

Barnes soils are associated with Langhei, Svea, and Flom 
soils and are similar to Formdale soils. They have a thicker, 
darker colored surface layer than Langhei soils and are 
better drained and have a thinner A horizon than Svea 
and Flom soils. They contain less clay and more sand than 
Formdale soils. 


33B—Barnes loam, 2 to 5 percent slopes. This un- 
dulating soil is on side slopes in areas that vary in 
size and shape. The slopes are mainly 50 to 200 feet 
long, have concave and convex relief, and are complex, 
but in а few places they are more uniform. 

Ineluded with this soil in mapping are small areas 
of soils that have a surface layer and subsoil of silt 
loam or sandy loam and areas of soils that have the 
brownish subsoil exposed. Also included are spots of 
sandy and gravelly soils, eroded soils, small areas of 
soils that are less sloping than this Barnes soil, and 
small areas of soils that are more strongly sloping. 
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Many of these areas are indicated by spot symbols. 
Also included are small areas of Langhei soils on knobs 
and knolls, Svea or Darnen soils in slightly concave 
positions and drainageways, Quam and Parnell soils 
in small depressions, and Flom soils in drainageways 
and shallow depressions. Many areas of Flom, Quam, 
and Parnell soils are indicated on the soil maps by Spot 
symbols. 

This soil is well suited to all crops commonly grown 
in the county. Corn, soybeans, and small grains are the 
principal crops. Water runs off at а medium rate, and 
the hazard of erosion is moderate. 

The main management needs are controlling erosion, 
maintaining and improving fertility and tilth, and 
conserving moisture. Capability unit Пе-1; windbreak 
suitability group 1; recreation group 1; pasture and 
hayland group 1. 


903B—Barnes-Langhei loams, 3 to 6 percent slopes. 
This mapping unit consists of undulating areas of 
intermingled Barnes and Langhei soils (fig. 5). The 
Barnes soil makes up 60 to 80 percent of the area, 
and the Langhei soil makes up 20 to 40 percent. The 
Barnes soil is on the less convex parts of the landscape, 


and the Langhei soils are on more convex parts. The 
Langhei soil has а surface layer that is light gray 
when dry. In most areas the slopes are complex, but 
in some they are more uniform and in one direction. 
The slopes are 50 to 200 feet long. The Barnes soil 
has the profile described as representative of its series. 

Ineluded with these soils in mapping are areas in 
which the light olive-brown underlying material of the 
Langhei soil and the dark-brown subsoil of the Barnes 
soil are exposed. Also included are small areas of Svea 
soils on slightly concave positions, Darnen soils on toe 
slopes, Flom soils on the lower parts of waterways, 
small areas of soils that are steeper than these Barnes- 
Langhei loams, and areas of gravelly and sandy soils. 
Many small areas of Flom, Quam, and Parnell soils, 15 
acre to 3 acres in size, are indicated on the soil maps 
by spot symbols. Also included are some areas of 
Barnes soil that have a silt loam surface layer and areas 
of a soil that are similar to the Langhei soil but that have 
a deeper and darker surface layer. 

Most areas of this soil are used for the cultivated 
crops commonly grown in the county. The Langhei soil 
is less productive than the Barnes soil because it has 


Figure 5.—Barnes-Langhei loams, 3 to 6 percent slopes, on a ridgetop. The dark areas are Barnes soils, and the light areas are 
Langhei soils. 
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lower natural fertility. Water runs off at a medium 
rate, and the hazard of erosion is moderate. 

The main management needs are controlling erosion, 
improving fertility and tilth, and conserving moisture. 
Capability unit IIe-1; Barnes part in windbreak suita- 
bility group 1, Langhei part in windbreak suitability 
group 2; recreation group 1; pasture and hayland 
group 1. 


907B—Barnes-Svea loams, 1 to 3 percent slopes. 
This mapping unit consists of soils that are nearly 
level to gently sloping. The Barnes and Svea soils each 
makes up about 40 to 60 percent of each area. The 
Barnes soil is on the more sloping, convex parts of the 
slopes in the landscape, and the Svea soil is on the 
nearly level to slightly concave parts. 

Included with these soils in mapping are small areas 
of Flom soils in drainageways, Parnell and Quam soils 
in depressions, and Vallers and Hamerly soils around 
the edges of depressions. Many small depressions, 
waterways, and calcareous spots are indicated on the 
soil maps by spot symbols. Also included are small 
areas of soils that have a surface layer of silt loam 
and areas of soils that have a surface layer and sub- 
soil of sandy loam. 

These soils are used for cultivated crops and pasture 
and are well suited to all crops commonly grown in 
the county. The main management needs are im- 
proving fertility and tilth and controlling erosion. 
Capability unit I-1; windbreak suitability group 1; 
recreation group 1; pasture and hayland group 1. 


Bearden Series 


The Bearden series consists of nearly level, some- 
what poorly drained, calcareous soils that formed in 
silty lacustrine sediment. 

In a representative profile the surface layer is silt 
loam about 14 inches thick. The upper 8 inches is black 
and the lower 6 inches is dark gray. The underlying 
material is silt loam. The upper 8 inches of this layer 
is light brownish gray, and the lower part is light 
olive brown. 

Bearden soils have high organie-matter content, very 
high available water capacity, and medium natural 
fertility. Permeability is moderate to moderately slow. 
The surface layer is moderately alkaline. 

The high content of lime of these soils causes an 
imbalance of available plant nutrients. These soils are 
well suited to all crops commonly grown in the county, 
and nearly all areas are cultivated. Bearden soils are 
free of stones and boulders that can interfere with 
tillage. 

Representative profile of Bearden silt loam, 0 to 2 
percent slopes, 115 feet south and 1,725 feet west of 
the northeast corner of sec. 27, T. 129 N., R. 44 W.: 


Ар--0 to 8 inches, black (10YR 2/1) silt loam; weak, very 
fine, granular structure; friable; strong efferves- 
cence; moderately alkaline; abrupt, smooth bound- 


ary. 

ACca—8 to 14 inches, dark gray (10YR 4/1) silt loam; 
weak, very fine, granular structure; friable; vio- 
lent effervescence; moderately alkaline; clear, wavy 
boundary. 

С1еа—14 to 22 inches, light brownish gray (2.5Y 6/2) silt 
loam; weak, fine, subangular blocky structure; 


friable; violent effervescence; moderately alkaline; 
clear, wavy boundary. . 

C2— 22 to 31 inches, light olive brown (2.5Y 5/4) silt loam; 
weak, fine, subangular blocky structure; friable; 
violent effervescence; moderately alkaline; grad- 
ual, wavy boundary. | 

C3—31 to 60 inches, light olive brown (2.5Y 5/4) silt loam; 
few, fine, distinct, yellowish brown (10YR 5/6) 
mottles and common, medium, prominent, gray 
(5Y 6/1) mottles; weak, fine, subangular blocky 
structure; friable; common gypsum crystals; 
strong effervescence; moderately alkaline. 


The A and C horizons range from silt loam to silty clay 
loam. The combined thickness of the Ap and ACca horizons 
ranges from 8 to 16 inches. 

Bearden soils are associated with McIntosh, Glyndon, and 
Wheatville soils, They are silty throughout, and McIntosh 
soils are underlain by clay loam glacial till. Bearden soils 
have neither the coarse silty substratum typical of Glyndon 
soils nor the clayey substratum typical of Wheatville soils. 

67—Bearden silt loam, 0 to 2 percent slopes. This 
nearly level soil is the only Bearden soil mapped in the 
county. Areas range from 5 to 40 acres in size. Many 
small, wet depressions are present in some areas. 

Included with this soil in mapping are small areas of 
McIntosh soils that have clay loam glacial till above a 
depth of 40 inches. Also included are small wet spots 
and a few areas of soils that have a noncalcareous 
surface layer. 

Nearly all areas of this soil are used for cultivated 
crops. Small grains, corn, sunflowers, and soybeans are 
the most common crops. A small acreage is used for 
hay and pasture. If the soil is left unprotected, soil 
blowing is a hazard in spring and winter. The high 
content of lime causes an imbalance of plant nutrients. 

The main management needs are improving fertilty 
and controlling erosion. Capability unit IIs-2; wind- 
break suitability group 2; recreation group 1; pasture 
and hayland group 1. 


Darnen Series 


The Darnen series consists of moderately well 
drained, nearly level to gently sloping soils that formed 
in loamy colluvial material at the bottoms of steep 
slopes and on fans at the ends of drainageways. These 
soils are mainly along river valley walls, but in places 
areas are on uplands. 

In a representative profile the surface layer is loam 
about 28 inches thick. The upper 24 inches is black, and 
the lower 4 inches is very dark grayish brown. The 
subsoil is friable clay loam about 17 inches thick. The 
upper 6 inches is dark grayish brown, and the lower 
11 inches is olive brown. The underlying material is 
light olive-brown clay loam. 

Darnen soils have high natural fertility, high 
organic-matter content, and high to very high available 
water capacity. The surface layer is neutral. Permea- 
bility is moderate. 

Darnen soils are free of stones and are easy to 
work. They are well suited to all crops grown in the 
county. 

Representative profile of Darnen loam, 1 to 4 percent 
slopes, 820 feet south and 2,820 feet east of the north- 
west corner of sec. 14, T. 129 N., R. 48 W.: 


Ар—0 to 8 inches, black (10YR 2/1) loam; weak, very fine, 
subangular blocky structure parting to weak, very 
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fine, granular; 
smooth boundary. 

А12--8 to 24 inches, black (10YR 2/1) loam grading with 
depth to very dark brown (10YR 2/2) ; weak, very 
fine, subangular blocky structure parting to weak, 
very fine, granular; very friable; neutral; clear, 
wavy boundary. 

АЗ--24 to 28 inches, very dark grayish brown (10YR 3/2) 
loam; weak, very fine, subangular blocky structure 
parting to weak, very fine, granular; friable; 
neutral; clear, wavy boundary. 

B1—28 to 34 inches, dark grayish brown (2.5Y 4/2) clay 
loam; moderate, fine, subangular blocky structure 
parting to weak, fine, granular; friable; about 1 
percent coarse fragments; neutral; gradual, wavy 
boundary. 

B2—34 to 42 inches, olive brown (2.5Y 4/4) clay loam; 
moderate, fine, subangular blocky structure; fri- 
able; about 1 percent coarse fragments; neutral; 
clear, wavy boundary. 

B3ca—42 to 45 inches, light olive brown (2.5Y 5/4) clay 
loam; weak, fine, subangular blocky structure; 
very friable; about 2 percent coarse fragments; 
strong effervescence; mildly alkaline; clear, wavy 
boundary. 

C—45 to 60 inches, light olive brown (2.5Y 5/6) clay loam; 
weak, fine, subangular blocky structure; friable; 
about 3 percent coarse fragments; strong efferves- 
cence; mildly alkaline. 


Thickness of the solum ranges from 30 to 50 inches. The 
А horizon generally is silt loam or loam 20 to 40 inches 
thick. It has weak or moderate, granular structure. Struc- 
ture in the lower parts of some profiles is subangular 
blocky. The B horizon generally is very dark grayish brown, 
dark grayish brown, dark brown, light olive brown, and 
olive brown. It generally is loam or clay loam 6 to 18 
inches thick. 

Darnen soils are associated with Langhei, Barnes, and 
Formdale soils. They have a thicker A horizon than any of 
these soils. 

494B—Darnen loam, 1 to 4 percent slopes. This soil 
generaly is in long, narrow areas at the foot of 
Stronger slopes. А few areas are delta shaped and are 
at the mouths of waterways. In places the black sur- 
face layer is thicker than normal. Included with this 
soil in mapping are small areas of Barnes, Svea, and 
Flom soils. 

Many areas of this soil are used for permanent 
pasture, because the areas are not readily accessible 
or are too small to cultivate separately. Farmed areas 
are used for all the cultivated crops commonly grown 
in the county. This soil is well suited to all crops. 
Capability unit I-1; windbreak suitability group 1; 
recreation group 1; pasture and hayland group 1. 


very friable; neutral; abrupt, 


Fargo Series 


The Fargo series consists of poorly drained, nearly 
level soils that formed in calcareous, clayey lacustrine 
material. 

In a representative profile the surface layer is black 
silty elay about 13 inches thick. The subsoil is light 
brownish-gray, very sticky silty clay about 5 inches 
thick. The underlying material is silty clay. The upper 
9 inches of this layer is olive gray, and the lower part 
is light olive gray. 

Fargo soils have high natural fertility, high organic- 
matter content, and moderate to high available water 
capacity. Permeability is slow. The surface layer is 
neutral. 

These soils are suited to all crops commonly grown 


in the county. Nearly all Fargo soils are cultivated. 

Representative profile of Fargo silty clay, 1,980 feet 
north and 600 feet west of the southeast corner of sec. 
20, T. 129 N., R. 44 W.: 


Ар—0 to 6 inches, black (N 2/0) silty clay; weak, fine, 
granular structure; very sticky; neutral; abrupt, 
smooth boundary. . 

А12—6 to 13 inches, black (N 2/0) silty clay; weak, fine, 
granular structure; very sticky; neutral; clear, 
irregular boundary. . 

B2—13 to 18 inches, light brownish gray (2.5Y 6/2) silty 
clay; moderate, fine, subangular blocky structure; 
very sticky; few tongues of black material extend 
into this horizon; slight effervescence; mildly alka- 
line; clear, wavy boundary. . 

Clca—18 to 27 inches, olive gray (5Y 5/2) silty clay; mod- 
erate, very fine, subangular blocky structure; very 
sticky; few masses of gypsum crystals; strong 
effervescence; moderately alkaline; gradual, wavy 
boundary. . 

С2— 27 to 33 inches, light olive gray (5Y 6/2) silty clay; 
weak, very fine, subangular blocky structure; very 
sticky; few masses of gypsum crystals; strong 
effervescence; mildly alkaline; gradual, wavy 
boundary. . 

C8g—33 to 60 inches, light olive gray (БҮ 6/2) silty clay; 
common, fine, prominent, olive yellow (2.5Y 6/6) 
mottles; weak, very fine, subangular blocky struc- 
ture; very sticky; common masses of gypsum 
crystals; strong effervescence; mildly alkaline. 


Thickness of the solum ranges from 16 to 24 inches. The 
A horizon ranges from silty clay to clay. It is 8 to 20 inches 
thick. Lacustrine lake sediment ranges from 40 to more 
than 60 inches in thickness. . 

Fargo soils are associated with Roliss soils. They contain 
more clay than Roliss soils. 


57—Fargo silty clay (0 to 1 percent slopes). This 
nearly level soil is on a smooth lake plain that has a 
few slight rises and shallow depressions. Areas are 
variable in size and shape. 

Included with this soil in mapping are areas of soils 
that have a calcareous surface layer, areas of soils that 
are underlain by clay loam at a depth of 36 to 42 
inches, and areas of soils that have more sand in the 
upper part of the profile than this Fargo soil. Also 
included are small areas of Roliss and Wheatville soils. 

Most areas of this soil are used for cultivated crops. 
It is suited to all crops commonly grown in the county. 

The main management needs are improving drain- 
age, fertility, and tilth and controlling erosion. Capa- 
bility unit IIw-1; windbreak suitability group 3; rec- 
reation group 4; pasture and hayland group 3. 


Flom Series 


The Flom series consists of poorly drained and 
somewhat poorly drained, nearly level soils in shallow 
depressions, drainageways, swales, and flats. These 
soils formed in calcareous loamy glacial till. 

In a representative profile the surface layer is black 
silty clay loam about 17 inches thick. The subsoil is 
dark grayish-brown, firm clay loam about 4 inches 
thick. The underlying material is loam. The upper 10 
inches of this layer is grayish brown, and the lower 
part is light olive brown. 

Flom soils have high available water capacity, high 
natural fertility, and high organic-matter content. The 
surface layer is neutral. Permeability is moderately 
slow. 
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If adequate drainage, fertilization, and management 
practices are used, Flom soils are suited to the crops 
commonly grown in the county. 

Representative profile of Flom silty clay loam, 125 
feet north and 5 feet west of the southeast corner of 
sec. 28, T. 127 N., R. 41 W.: 


А1--0 to 17 inches, black (10YR 2/1) silty clay loam; 
weak, fine, subangular blocky structure; friable; 
neutral; clear, wavy boundary. 

B2g—17 to 21 inches, dark grayish brown (2.5Y 4/2) clay 
loam; few, fine, distinct, yellowish brown (10YR 
5/4) mottles and common, fine, faint, light gray 
(2.5Y 7/2) mottles; moderate, medium, subangular 
blocky structure; firm; about 1 percent coarse frag- 
ments; neutral; gradual, wavy boundary. 

Сірса--21 to 31 inches, grayish brown (2.5Y 5/2) loam; 
weak, fine, subangular blocky structure; friable; 
about 3 percent coarse fragments; violent efferves- 
cence; moderately alkaline; gradual, wavy bound- 


ary. 

С2--31 to 60 inches, light olive brown (2.5Y 5/4) loam; 
common, medium, prominent, yellowish brown 
(10YR 5/4) mottles and common, fine, distinct, 
light gray (2.5Y 7/2) mottles; weak, fine, sub- 
angular blocky structure; friable; common fine 
spots of lime; about 3 percent coarse fragments; 
strong effervescence; mildly alkaline. 


Depth to free carbonates ranges from 16 to 30 inches. 
The A horizon is clay loam or silty clay loam 12 to 20 
inches thick. It has a granular or subangular blocky struc- 
ture. Reaction ranges from neutral to mildly alkaline. The 
B horizon is olive gray, dark grayish brown or grayish 
brown. It is silty clay loam or clay loam 4 to 10 inches 
thick. The number, size, color, and distinctness of the mot- 
tles vary and depend on the depth to the water table and 
the location of the soil in the landscape. The C horizon is 
loam or clay loam. 

Flom soils are associated with Formdale, Barnes, Aaz- 
dahl, and Svea soils. They are in lower positions than these 
soils and have a grayer B horizon than any of these soils 
except Aazdahl soils. 


36—Flom silty clay loam (0 to 2 percent slopes). 
This nearly level to slightly concave soil is in swales, 
natural draws, shallow depressions, and lower areas 
on the morainic uplands and till plains. Areas range 
from 3 to 20 acres in size. In some areas the subsoil 
is more clayey than is defined in the range for the 
Flom series. 

Included with this soil in mapping are small areas of 
soils that have a surface layer more than 20 inches 
thick and areas of soils that have a calcareous surface 
layer. Also included in Roseville township are areas of 
soils that are silty clay to clay throughout the profile 
and small areas of Aazdahl, Svea, Vallers, Quam and 
Parnell soils. 

Unless the soil is drained, it generally is not well 
suited to cultivation. If adequately drained, it is suited 
to all crops grown in the county. Open ditches provide 
adequate drainage in most years, but a tile system is 
needed for complete drainage. 

The main management needs are drainage and im- 
proving fertility and tilth. Capability unit ITw—-1; wind- 
break suitability group 3; recreation group 4; pasture 
and hayland group 3. 


Forada Series 


The Forada series consists of very poorly drained 
and poorly drained, nearly level soils that formed in 


loamy material underlain by calcareous gravelly out- 
wash at a depth of 22 to 40 inches. . 

In a representative profile the surface layer is about 
15 inches thick. The upper part is black sandy loam, 
and the lower part is black sandy clay loam. The 
subsoil is about 11 inches thick. The upper 8 inches is 
very dark grayish-brown sandy clay loam, and the 
lower 3 inches is olive gravelly sandy loam. The under- 
lying material is olive-gray gravelly coarse sand. 

Forada soils have high natural fertility, low to mod- 
erate available water capacity, and high organic- 
matter content. Permeability is moderate in the upper 
part and rapid in the underlying material. The surface 
layer is mildly alkaline. 

If adequately drained, Forada soils are suited to all 
crops commonly grown in the county. 

Representative profile of Forada sandy loam, 500 
feet south and 600 feet west of the northeast corner of 
sec. 30, T. 128 N., R. 41 W.: 


Ap—0 to 8 inches, black (10YR 2/1) sandy loam; weak, 
fine, subangular blocky structure; very friable; 
mildly alkaline; abrupt, smooth boundary. 

А12—8 to 15 inches, black (10YR 2/1) sandy clay loam; 
weak, fine, subangular blocky structure; very fri- 
able; mildly alkaline; abrupt, wavy boundary. 

B2g—15 to 23 inches, very dark grayish brown (10YR 3/2) 
sandy clay loam; few, fine, faint, strong brown 
(7.5YR 5/8) mottles; moderate; medium, suban- 
gular blocky structure; friable; mildly alkaline; 
clear, wavy boundary. 

B3—23 to 26 inches, olive (5Y 5/4) gravelly sandy loam; 
common, medium, distinct, yellowish brown (10YR 
5/6) mottles; moderate, very fine, subangular 
blocky structure; very friable; mildly alkaline; 
clear, wavy boundary. 

IIC—26 to 60 inches, olive gray (5Y 4/2) gravelly coarse 
sand; single grained; loose; strong effervescence; 
mildly alkaline. 


Thickness of solum, depth to gravelly coarse sand, and 
depth to free carbonates all range from 22 to 40 inches. 
The A horizon generally is black, but it is very dark gray in 
places. It is loam, sandy clay loam, or sandy loam 12 to 18 
inches thick. The B horizon generally is sandy loam, but 
subhorizons in places are sandy clay loam or loam that has 
faint to prominent mottles throughout. Structure of the 
subhorizons is weak or moderate, subangular blocky. The 
IIC horizon is sand, coarse sand, or gravelly coarse sand. 

In many areas in the county, Forada soils have more 
clay, less sand, and more silt in the solum and slower per- 
meability than defined in the range of the series. These dif- 
ferences do not significantly affect their use and manage- 
ment. 

Forada soils are associated with Arvilla and Fordville 
soils. They are more poorly drained and at lower elevations 
than these soils. 


375—Forada sandy loam (0 to 2 percent slopes). 
This nearly level soil is on outwash plains, stream ter- 
races, glacial lake beaches, and uplands. Areas are 
irregularly shaped and variable in size and are on 
plane to slightly concave slopes. In a few areas the 
surface layer is calcareous. 

Included with this soil in mapping are small areas of 
Arvilla soils. Also included are small areas of soils that 
have gravelly coarse sand at a depth of more than 40 
inches. 

This soil cannot be cropped successfully each year 
unless it is adequately drained. Drainage systems are 
difficult to maintain because the underlying gravelly 
coarse sand tends to cave in. Nearly all areas of this 
soil are used for cultivated crops. Undrained or in- 
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adequately drained areas are used for pasture. This 
501 is suited to all crops commonly grown in the 
county. 

The main management needs are improving drain- 
age, fertility, and tilth. Capability unit IIw-3; wind- 
break suitability group 3; recreation group 4; pasture 
and hayland group 3. 


Fordville Series 


The Fordville series consists of well-drained, nearly 
level soils that formed in loamy material underlain by 
gravelly outwash at а depth of 2 to 815 feet. These 
soils are mainly in river valleys. 

In a representative profile the surface layer is black 
loam about 12 inches thick. The subsoil is about 18 
inches thick. The upper 8 inches of this layer is friable, 
dark-brown and brown loam, and the lower 10 inches 
is friable, yellowish-brown gravelly loam. The under- 
lying material is yellowish-brown gravelly coarse sand. 

Fordville soils have high natural fertility, high 
organic-matter content, and low to moderate available 
water capacity. Permeability is moderate in the surface 
layer and subsoil and rapid in the underlying material. 
The surface layer is neutral. 

These soils are free of stones and easy to cultivate. 
A good seedbed can be prepared easily. Nearly all 
areas of Fordville soils are used for cultivated crops. 

Representative profile of Fordville loam, 0 to 2 per- 
cent slopes 2,350 feet east and 1,200 feet south of the 
northwest corner of sec. 19, T. 129 N., R. 41 W.: 


Ар—0 to 6 inches, black (10YR 2/1) loam; weak, fine, sub- 
angular blocky structure; very friable; neutral; 
abrupt, smooth boundary. 

А12—6 to 12 inches, black (1078 2/1) loam; weak, fine, 
subangular blocky structure; very friable; neutral; 
abrupt, smooth boundary. 

B21—12 to 17 inches, dark brown (10YR 3/8) loam; very 
dark grayish brown (10YR 3/2) coatings on faces 
of peds; moderate, medium, prismatic structure 
parting to weak, fine, subangular blocky; friable; 
neutral; clear, wavy boundary. 

B22—17 to 20 inches, brown (10YR 4/3) loam; moderate, 
medium, prismatic structure parting to weak, fine, 
subangular blocky; friable; neutral; clear, wavy 
boundary. 

ПВЗса--20 to 30 inches, yellowish brown (10YR 5/4) grav- 
elly loam; massive; friable; about 15 percent 
gravel; strong effervescence; mildly alkaline; 
clear, wavy boundary. 

IIC—30 to 60 inches, yellowish brown (10YR 5/6) gravelly 
coarse sand; single grained; loose; limy coatings 
on undersides of pebbles in upper part; strong 
effervescence; mildly alkaline. 


Depth to gravelly coarse sand is 20 to 36 inches. Thick- 
ness of the A horizon is 12 to 22 inches. The A horizon 
generally is black, but in places it is very dark gray. It 
generally is loam, but it is clay loam in places. The В hori- 
zon is brown, dark brown, very dark grayish brown, and 
yellowish brown. It is mainly loam or clay loam, but it com- 
monly grades to gravelly loam or sandy loam with increas- 
ing depth. . 

Fordville soils are associated with Arvilla soils. They 
have a thicker solum than Arvilla soils. 


339—Fordville loam, 0 to 2 percent slopes. This 
nearly level soil is on outwash plains and stream ter- 
races. It is adjacent to areas of the droughty Arvilla 
soils. A few small areas are on uplands and are ad- 
jacent to areas of Barnes soils. In places the depth to 
gravelly coarse sand is more than 40 inches. In a few 


areas the soil is moderately well drained. In some areas 
the subsoil is clay loam. 

Included with this soil in mapping are small areas 
of Arvilla soils. Also included are a few areas of gently 
sloping soils. 

This soil is suited to all erops commonly grown in 
the county. Most areas of this soil are cultivated. A 
small acreage is in pasture. This soil has a slight 
hazard of drought because of the low to moderate 
available water capacity, but it is suited to irrigation 
of field and vegetable crops. А good seedbed can be 
prepared easily. Soil blowing is a hazard on this soil. 

The main management needs are controlling erosion, 
conserving moisture, and maintaining fertility. Capa- 
bility unit IIs-1; windbreak suitability group 5; recrea- 
tion group 1; pasture and hayland group 1. 


Formdale Series 


The Formdale series consists of well-drained, un- 
dulating to hilly soils that formed in caleareous loamy 
glacial till. 

In a representative profile the surface layer is black 
clay loam about 9 inches thick. The subsoil is dark- 
brown and dark yellowish-brown, friable clay loam 
about 7 inches thick. The underlying material is clay 
loam. The upper 18 inches of this layer is yellowish 
brown, and the lower part is light olive brown. 

Formdale soils have high natural fertility, moderate 
to high available water capacity, and high organic- 
matter content. Permeability is moderately slow. The 
surface layer is neutral. 

These soils are well suited to all crops commonly 
grown in the county. Most areas of Formdale soils are 
cultivated. 

Representative profile of Formdale clay loam, 2 to 5 
percent slopes, 1,500 feet west and 150 feet north of 
the southeast corner of sec. 88, T. 127 N., R. 42 W.: 


Ар—0 to 9 inches, black (10YR 2/1) clay loam; weak, very 
fine, granular structure; friable; about 2 percent 
coarse fragments; neutral; abrupt, smooth bound- 


ary. 

B21—9 to 13 inches, dark brown (10YR 3/3) clay loam; 
weak, coarse, prismatic structure parting to mod- 
erate, medium, subangular blocky; friable; about 
2 percent coarse fragments; neutral; clear, wavy 
boundary. 

B22—13 to 16 inches, dark yellowish brown (10YR 4/4) 
clay loam; weak, coarse, prismatic structure part- 
ing to moderate, medium, subangular blocky; fri- 
able; about 2 percent coarse fragments; slight 
effervescence; mildly alkaline; clear, wavy bound- 


ary. 

Clca—-16 to 34 inches, yellowish brown (10YR 5/4) clay 
loam; weak, fine, subangular blocky structure 
very friable; about 5 percent coarse fragments; 
many fine, soft, light gray (10YR 7/1) limy 
masses; violent effervescence; moderately alkaline; 
gradual, wavy boundary. | 

C2— 34 to 60 inches, light olive brown (2.5Y 5/4) clay 
loam; few, fine, distinct, yellowish brown (10YR 
5/6) mottles throughout; many, fine, distinct, 
gray (5Y 6/1) mottles in the lower part; weak, 
medium and thick, platy structure parting to weak, 
very fine and fine, angular blocky; friable; about 5 
percent coarse fragments; strong effervescence; 
moderately alkaline. 


Thickness of the solum ranges from 8 to 20 inches. The A 
horizon is clay loam, but it is silty clay loam in places. It 
generally is black, but it is very dark gray in places. In 
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some profiles, the lower part of the A horizon is very dark 
grayish brown or very dark brown. The B horizon generally 
is clay loam, but it is silty clay loam in places. It generally 
is dark brown, dark yellowish brown, or brown, but in some 
profiles the lower part of the B horizon is olive brown. 
Primary structure is generally weak or moderate, prismatic. 
Secondary structure is generally weak or moderate, sub- 
angular blocky. However, it does not have the prismatic 
primary structure where the B horizon is near the thinner 
limit as defined in the range for the series, The C horizon 
generally is clay loam, but it is loam, silt loam, or silty clay 
loam in places. 

Formdale soils are associated with Langhei and Aazdahl 
soils. They have a thicker solum than Langhei soils and are 
better drained than Aazdahl soils. 

171B—Formdale clay loam, 2 to 5 percent slopes. 
This undulating soil is on till plains. It generally is 
higher than areas of the moderately well drained 
Aazdahl soils. The slopes are convex and are 50 to 200 
feet long. In some places the slopes are fairly uniform 
and in one direction, but in other places they are un- 
dulating in many directions. In some cultivated areas 
this soil is moderately eroded and has the original 
surface layer mixed with the subsoil, resulting in a 
brownish color. In a few areas in Roseville township, 
this soil has a surface layer and subsoil of silty clay or 
clay. This soil has the profile described as representa- 
tive of the series. 

Included with this soil in mapping are small areas 
of Aazdahl soils in slightly convex areas, Darnen soils 
on concave slopes, Langhei soils on the more convex 
exposed knobs, and Parnell and Flom soils in drainage- 
ways and depressions. Also included are areas of soils 
that have fewer and steeper slopes and eroded and 
sandy spots. 

This soil is used for cultivated crops. A few areas 

are in pasture. The soil is suited to all crops commonly 
grown in the county. Water runs off at a medium rate, 
causing a moderate hazard of erosion. 
. The main management needs are controlling erosion, 
improving tilth, and maintaining fertility. Capability 
unit IIe-1; windbreak suitability group 1; recreation 
group 1; pasture and hayland group 1. 


912B—Formdale-Aazdahl-Flom complex, 1 to 4 per- 
cent slopes. This complex consists of nearly level to 
gently sloping soils. The topography is bumpy and has 
many slight depressions and small rises. The Formdale 
soil makes up 30 to 60 percent of the area, the Aaz- 
dahl soil makes up 20 to 40 percent, and the Flom soil 
makes up 15 to 30 percent. The Formdale soil is on 
the more convex parts of slopes, the Flom soil is in 
drainageways and depressions, and the Aazdahl soil 
is in slightly convex to nearly level areas between de- 
pressions and rises of the Formdale soil. 

Included with these soils in mapping are small areas 
of Hamerly and Vallers soils on slight rises and at the 
edges of depressions and Parnell soils in depressions. 

These soils are used for cultivated crops and pasture. 
They are suited to all erops commonly grown in the 
county. 

The main management needs are improving fertility 
and tilth, controlling erosion, and improving drainage. 
Capability unit IIe-1; Formdale and Aazdahl parts in 
windbreak suitability group 1, Flom part in windbreak 
suitability group 3; Formdale and Aazdahl parts in 
recreation group 1, Flom part in recreation group 4; 


Formdale and Aazdahl parts in pasture and hayland 
group 1, Flom part in pasture and hayland group 3. 


931B—Formdale-Langhei clay loams, 3 to 6 percent 
slopes. This mapping unit consists of intermingled 
areas of undulating Formdale and Langhei soils. The 
Formdale soil makes up 60 to 80 percent of the areas, 
and the Langhei soil makes up 20 to 40 percent. The 
Formdale soil is on the less convex parts of the slopes, 
and the Langhei soil is on the more convex and exposed 
parts of the slopes. The surface layer of the Langhei 
soil is light gray when dry, and the surface layer of the 
Formdale soil is black. The slopes are 50 to 200 feet 
long. In most areas they are complex, but in some they 
are more uniform and slope in one direction. The 
Langhei soil in this mapping unit is mainly clay loam 
throughout the profile. 

Included with these soils in mapping are areas of 
soils in which the light olive-brown underlying ma- 
terial of the Langhei soil and the dark-brown subsoil 
of the Formdale soil are exposed. Also included are 
small areas of Aazdahl soils on slightly concave posi- 
tions, Darnen soils on toe slopes, Flom soils in drain- 
ageways, and small areas of gravelly and sandy soils 
and soils that are steeper than Formdale and Langhei 
soils. Many small areas, 14 acre to 8 acres in size, of 
Flom, Quam, and Parnell soils are indicated on the 
soil maps by spot symbols. 

Most areas of this mapping unit are used for the 
cultivated crops commonly grown in the county. The 
Langhei soil is less productive than the Formdale soil 
because it has lower natural fertility. Water runs off 
at a medium rate, and the hazard of erosion is 
moderate. 

The main management needs are controlling erosion, 
improving fertility and tilth, and conserving moisture. 
Capability unit IIe-1; Formdale part in windbreak 
suitability group 1, Langhei part in windbreak suita- 
bility group 2; recreation group 1; pasture and hayland 
group 1. 


Glyndon Series 


The Glyndon series consists of somewhat poorly 
drained to moderately well drained, nearly level, cal- 
careous soils. These soils formed in silty sediment that 
ranges from about 114 to 3 feet thick and is underlain 
by lacustrine material. 

In a representative profile the surface layer is black 
silt loam about 10 inches thick. The upper 13 inches of 
the underlying material is grayish-brown and gray silt 
loam. The next 5 inches of this layer is light yellowish- 
brown very fine sandy loam, and the lower part is 
light olive-brown very fine sand. 

Glyndon soils have medium natural fertility, high 
available water capacity, and high organic-matter con- 
tent. Permeability is moderate. The surface layer is 
moderately alkaline. 

The high content of lime of these soils causes an 
imbalance of available plant nutrients. Nearly all areas 
of Glyndon soils are used for cultivated crops. 

Representative profile of Glyndon silt loam, 0 to 2 
percent slopes, 540 feet south and 1,500 feet east of 
the northwest corner of sec. 6, T. 129 N., R. 44 W.: 
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Ар—0 to 7 inches, black (10YR 2/1) silt loam; few masses 
of grayish brown (10YR 5/2); weak, very fine, 
granular structure; friable; strong effervescence; 
moderately alkaline; clear, wavy boundary. 

A12—7 to 10 inches, black (10YR 2/1) silt loam; few spots 
of grayish brown (10YR 5/2); weak, very fine, 
granular structure; friable; strong effervescence; 
moderately alkaline; clear, wavy boundary. 

Сіса--10 to 16 inches, grayish brown (10ҮК 5/2) silt loam; 
few masses of gray (10YR 6/1); weak, very fine, 
subangular blocky structure; friable; violent effer- 
vescence; moderately alkaline; clear, wavy bound- 


ary. 

C2ca—16 to 23 inches, gray (10YR 6/1) silt loam; weak, 
fine, subangular structure; friable; violent effer- 
vescence; moderately alkaline; gradual, wavy 
boundary. 

IIC8—23 to 28 inches, light yellowish brown (2.5Y 6/4) 
very fine sandy loam; single grained; loose; strong 
effervescence; moderately alkaline; gradual, wavy 
boundary. 

IIC4—28 to 60 inches, light olive brown (2.5Y 5/4) very 
fine sand; common, fine, distinct, yellowish brown 
(10YR 5/6) mottles; single grained; loose; few 
reddish manganese concretions; strong efferves- 
cence; moderately alkaline. 


The A horizon generally is black or very dark gray silt 
loam or loam. In some places there is an Аса horizon that 
is very dark gray. The A horizon is 7 to 16 inches thick. 
Depth to the underlying very fine sand or loamy very fine 
sand ranges from 18 to 36 inches, but it generally is about 
30 inches. 

Glyndon soils are associated with Wheatville and Bearden 
soils. They have neither the silty substratum typical of 
Bearden nor the clayey substratum typical of Wheatville 
50115. 

60—Glyndon silt loam, 0 to 2 percent slopes. This 
nearly level soil is in the glacial lake basin. A few 
areas are along beach ridges. Areas have а smooth ap- 
pearance when cultivated. Slopes are nearly level to 
slightly convex. 

Included with this soil in mapping are small areas 
of Wheatville and Bearden soils. Also included are 
some areas of soils that have a zone of lime accumula- 
tion at the surface and a few areas of soils that have 
clay loam glacial till above a depth of 40 inches. 

Nearly all areas of this soil are cultivated. The soil 
is suited to all crops commonly grown in the county, 
but most areas are used for small grains and sun- 
flowers. Soil blowing is a hazard on unprotected fields 
during winter and early spring. This soil has a high 
content of lime, resulting in an imbalance of nutrients. 

The main management needs are controlling soil 
blowing and overcoming the high lime conditions. 
Capability unit IIs-2; windbreak suitability group 2; 
recreation group 1; pasture and hayland group 1. 


Grimstad Series 


The Grimstad series consists of somewhat poorly 
drained to moderately well drained, nearly level, cal- 
careous soils that formed in stratified loamy and sandy 
material underlain by loamy material. 

In a representative profile the surface layer is very 
fine sandy loam about 15 inches thick. The upper 9 
inches is black, and the lower 6 inches is dark grayish 
brown. The upper 11 inches of the underlying material 
is light brownish-gray and light yellowish-brown loamy 
fine sand, the next 5 inches of this layer is grayish- 
brown clay loam, and the lower part is light olive- 
brown clay loam. 


Grimstad soils have medium natural fertility, high 
organic-matter content, and moderate to high available 
water capacity. Permeability is moderate. The surface 
layer is moderately alkaline. 

The upper part of the profile of these soils has a 
high content of lime that causes an imbalance of plant 
nutrients. Most areas of Grimstad soils are used for 
cultivated crops. 

Representative profile of Grimstad very fine sandy 
loam in an area of Grimstad-Towner complex, 0 to 2 
percent slopes, 850 feet east and 1,020 feet north of 
the southwest corner of sec. 19, Т. 130 N., В. 44 W.: 


Ар—0 to 9 inches, black (10YR 2/1) very fine sandy loam; 
weak, very fine, granular structure; friable; vio- 
lent effervescence; moderately alkaline; abrupt, 
smooth boundary. 

А12са--9 to 15 inches, dark grayish brown (10YR 4/2) 
very fine sandy loam; weak, very fine, granular 
structure; friable; violent effervescence; moder- 
ately alkaline; clear, wavy boundary. 

Сіса--15 to 18 inches, light brownish gray (10YR 6/2) 
loamy fine sand; weak, very fine granular struc- 
ture; few spots of dark grayish brown (10YR 
4/2); friable; violent effervescence; moderately 
alkaline; clear, wavy boundary. 

C2ca—18 to 21 inches, light yellowish brown (2.5Y 6/4) 
loamy sand; single grained; loose; violent effer- 
vescence; moderately alkaline; abrupt, wavy bound- 


ary. 

С3—21 to 26 inches, light yellowish brown (2.5Y 6/4) loamy 
fine sand; single grained; loose; slight efferves- 
cence; mildly alkaline; abrupt, wavy boundary. 

ПС4—26 to 31 inches, grayish brown (2.5Y 5/2) clay loam; 
few, faint, light olive brown (2.5Y 5/6) mottles; 
weak, very fine, subangular blocky structure; fri- 
able; about 5 percent coarse fragments; strong 
effervescence; moderately alkaline; gradual, wavy 
boundary. 

IIC5—31 to 60 inches, light olive brown (2.5Y 5/4) clay 
loam; common, fine, distinct, yellowish brown 
(10YR 5/6) and common, fine, distinct, gray (5Y 
5/1) mottles; weak, very fine, subangular blocky 
structure; firm; about 5 percent coarse fragments; 
strong effervescence; moderately alkaline. 


The A horizon is 8 to 16 inches thick. It is fine sandy 
loam, very fine sandy loam, sandy loam, or loam. The C 
horizon is loamy fine sand, loamy sand, or loamy very fine 
sand, but in places the upper part is fine sandy loam or 
sandy loam. In places the A horizon contains gypsum crys- 
tals. The IIC horizon is loam or clay loam. It is at a depth 
of 20 to 40 inches. In some profiles, a thin pebble band is at 
the top of the ПС horizon. 

Grimstad soils are associated with Rockwell and Towner 
soils, They are better drained and have more brownish un- 
derlying material than Rockwell soils. They have more lime 
near the surface than Towner soils. 

914—Grimstad-Towner complex, 0 to 2 percent 
slopes. This complex is in areas that range from 4 to 
120 acres in size. The topography is level to nearly 
level in the glacial lake plain, and changes in elevation 
are slight. The surface layer has a smooth, brindled 
appearance. The Grimstad soil and the Towner soil 
each makes up 40 to 60 percent of the complex. The 
Grimstad soil has the profile described as representa- 
tive of its series. The profile of the Towner soil differs 
from the profile described as representative of its 
series in being mildly alkaline in the surface layer. 

Included with this complex in mapping are small 
areas of Rockwell and Kittson variant soils. Also in- 
cluded are some small areas of soils that have under- 
lying loam or clay loam material at a depth of more 
than 40 inches. 
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Most areas of this complex are used for the culti- 

vated crops commonly grown in the county. Small 
grains are the most common crop, but some row crops, 
such as_ sunflowers, soybeans, and corn, are also 
grown. The Grimstad soil has a high content of lime 
that causes an imbalance of nutrients. Soil blowing is 
a serious hazard in winter and early spring if the soil 
is left unprotected. 
_ The main management needs are controlling erosion, 
improving fertility, and maintaining tilth. Capability 
unit IIIs-3; Grimstad part in windbreak suitability 
group 2, Towner part in windbreak suitability group 5; 
recreation group 1; pasture and hayland group 1. 


Hamerly Series 


The Hamerly series consists of somewhat poorly 
drained to moderately well drained, nearly level, cal- 
careous soils that formed in loamy glacial till. 

In a representative profile the surface layer is clay 
loam about 19 inches thick. The upper 8 inches of this 
layer is black, the middle 4 inches is very dark gray, 
and the lower 7 inches is dark gray. The underlying 
material is clay loam. The upper 7 inches of this layer 
18 grayish brown, the next 4 inches is light olive brown, 
and the lower part is light brownish gray. 

Hamerly soils have medium natural fertility, high 
organic-matter content, and moderate to high available 
water capacity. Permeability is moderately slow. The 
surface layer is moderately alkaline. 

_The upper part of the profile of these soils has a 
high content of lime that causes an imbalance of plant 
nutrients. Nearly all areas of Hamerly soils are used 
for cultivated crops. 

Representative profile of Hamerly clay loam, in an 
area of Hamerly-Parnell complex, 0 to 8 percent slopes, 
550 feet west and 21 feet south of the northeast corner 
of sec. 4, T. 128 N., R. 24 W.: 


Ар—0 to 8 inches, black (10YR 2/1) clay loam; moderate, 
fine, subangular blocky structure parting to mod- 
erate, medium, granular; friable; strong efferves- 
cence; moderately alkaline; abrupt, smooth bound- 


ary. 

A12—8 to 12 inches, very dark gray (10YR 3/ 1) day loam; 
moderate, fine, subangular blocky structure parting 
to moderate, medium, granular; friable; violent 
effervescence; moderately alkaline; gradual, wavy 
boundary. 

А13--12 to 19 inches, dark gray (10YR 4/1) clay loam; 
weak, fine, subangular blocky structure; friable; 
violent effervescence; moderately alkaline; grad- 
ual, wavy boundary. 

C1ca—19 to 26 inches, grayish brown (2.5Y 5/2, crushed) 
clay loam; weak, very fine, subangular blocky 
structure; friable; about 3 percent coarse frag- 
ments; strong effervescence; moderately alkaline; 
clear, wavy boundary. 

C2—26 to 30 inches, light olive brown (2.5Ү 5/4) clay 
loam; weak, very fine, subangular blocky struc- 
ture; friable; about 3 percent coarse fragments; 
strong effervescence; mildly alkaline; | gradual, 

| wavy boundary. 

С3--30 to 60 inches, light brownish gray (2.5Y 6/2 clay 
loam; common, fine, prominent, yellowish brown 
(10YR 5/6) mottles; weak, very fine, subangular 
blocky structure; friable; about 3 percent coarse 
fragments; few lime concretions; strong efferves- 
cence; mildly alkaline. 


Texture ranges from loam to clay loam throughout. 


Hamerly soils associated with Barnes and Svea soils gen- 
erally are loam throughout, and Hamerly soils associated 
with Aazdahl and related soils are mainly clay loam 
throughout. Тһе Ap horizon is 6 to 10 inches thick, and the - 
Alca horizon is 4 to 10 inches thick. In some profiles, the 
C horizon contains gypsum crystals. Hamerly soils are 
mildly or moderately alkaline. 

Hamerly soils are associated with Barnes, Formdale, and 
Vallers soils. They are calcareous throughout and moder- 
ately well drained, and Barnes and Formdale soils are not 
calcareous in the solum and are well drained. Hamerly 
soils are better drained than Vallers soils. 

184—Hamerly clay loam, 1 to 3 percent slopes. This 
nearly level soil is on convex swells and low rises on 
depressional till plains and morainie uplands. On the 
crests of higher swells, the surface layer is thinner 
than it is in other places. The Hamerly soils associated 
with Barnes soils are loam, and those associated with 
Formdale soils are clay loam. 

Included with this soil in mapping are small areas of 
Formdale, Barnes, Aazdahl, and Svea soils on small 
rises and convex swells. Also included are areas of 
Flom, Quam, and Parnell soils in drainageways and 
depressions. Many of these areas, which are 14 acre to 
8 acres in size, are indicated on the soil maps by a spot 
symbol. Also included are a few small areas of soils 
that have а surface layer and subsoil of sandy loam, silt 
loam, or silty clay loam. 

Most areas of this soil are used for cultivated crops. 
A few areas are used for hay and pasture. This soil is 
suited to all crops commonly grown in the county. 
Excess lime near the surface causes an imbalance of 
nutrients. 

The main management needs are improving fertility 
and tilth and controlling erosion. Capability unit IIs-2; 
windbreak suitability group 2; recreation group 1; pas- 
ture and hayland group 1. 


922—Hamerly-Parnell complex, 0 to 3 percent slopes. 
This mapping unit consists of nearly level soils on 
ground moraines. It occupies swells and rises in depres- 
sional areas. Differences in elevation are slight. The 
Hamerly soil makes up 60 to 80 percent of the complex, 
and the Parnell soil makes up 20 to 40 percent. The 
Hamerly clay loam is on the convex swells and low 
rises, and the Parnell silty clay loam is in the depres- 
sions and drainageways. Тће Parnell soil has the pro- 
file described as representative of its series. 

Included with these soils in mapping are small areas 
of Aazdahl, Svea, Flom, and Vallers soils. Also in- 
cluded are small areas of soils that are more sloping 
than those soils and areas of soils that have a surface 
layer and subsoil of silt loam. 

These soils are used for cultivated crops and pasture 
and are suited to all crops commonly grown in the 
county. Excess lime in the surface layer of the Ham- 
erly soil causes an imbalance of nutrients. The Parnell 
soil is in depressions and holds water or becomes too 
wet to bear machinery in spring or after rains. 

The main management need is improving fertility, 
tilth, and drainage. Capability unit IIe-2; Hamerly 
part in windbreak suitability group 2, Parnell part in 
windbreak suitability group 7; Hamerly part in recrea- 
tion group 1, Parnell part in recreation group 4; 
Hamerly part in pasture and hayland group 1, Parnell 
part in pasture and hayland group 6. 
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Hecla Series 


The Hecla series consists of moderately well drained, 
nearly level soils that formed in sandy material such 
as the material in beach ridges. 

In a representative profile the surface layer is loamy 
fine sand about 15 inches thick. The upper part is 
black, and the lower part is very dark grayish brown. 
The subsoil is loose fine sand about 11 inches thick. The 
upper 8 inches is dark brown, and the lower 3 inches 
is grayish brown and dark grayish brown. The under- 
lying material is pale-olive fine sand. 

Hecla soils have low natural fertility, moderate 
organic-matter content, and low available water са- 
Du The surface layer is neutral. Permeability is 
rapid. 

Nearly all areas of Hecla soils are used for culti- 
vated crops, but some areas are planted to grass and 
are used for pasture. 

Representative profile of Hecla loamy fine sand, 0 to 
2 percent slopes, 2,620 feet north and 1,250 feet east 
of the southwest corner of sec. 17, T. 127 N., R. 4A W.: 


Ap—0 to 9 inches, black (10YR 2/1) loamy fine sand, weak, 
fine, granular structure; loose; neutral; abrupt, 
wavy boundary. 

А1—9 to 15 inches, very dark grayish brown (10YR 3/2) 
loamy fine sand; weak, very fine, granular struc- 
ture; loose; neutral; gradual, wavy boundary. 

B2—15 to 23 inches, dark brown (10YR 3/3) fine sand; 
single grained; loose; neutral; clear, wavy bound- 


ary. 

B3—23 to 26 inches, grayish brown (2.5Y 5/2) and dark 
grayish brown (10YR 4/2) fine sand; single 
grained; loose; strong effervescence; mildly alka- 
line; clear, wavy boundary. 

C1—26 to 60 inches, pale olive (5Y 6/3) fine sand; common, 
fine, prominent, yellowish brown (10YR 5/4) mot- 
tles and common, medium, prominent, very dark 
grayish brown (10YR 3/2) mottles; single grained; 
loose; strong effervescence; mildly alkaline. 

The A horizon generally is very dark gray or black, but 
in some eroded areas it is very dark brown or very dark 
grayish brown. It is loamy fine sand or fine sand 10 to 20 
inches thick. The B horizon generally is very dark grayish 
brown, grayish brown, dark brown, yellowish brown, olive 
brown, and light olive brown. The C horizon is fine sand or 
sand and has faint or distinct mottles. 

Hecla soils are associated with Towner and Maddock 
soils. They do not have a clay loam ПС horizon, unlike 
Towner soils. They have mottles within a depth of 40 
inches, unlike Maddock soils. 


366—Hecla loamy fine sand, 0 to 2 percent slopes. 
This nearly level soil in some areas is on a combination 
of slightly concave and convex topography. In other 
areas it is a slight rise within areas of other soils. 
Areas of this soil are variable in size and shape. 

Included with this soil in mapping are small areas 
of Ulen, Arveson, and Towner soils. 

Most areas of this soil are cultivated. Early- 
maturing crops, such as small grains, are best suited to 
this soil because of the hazard of drought. If this soil 
is left unprotected, soil blowing is a hazard during 
winter and early spring. 

The main management needs are controlling erosion, 
conserving moisture, and improving fertility. Capa- 
bility unit IVs-2; windbreak suitability group 5; recre- 
ation group 8; pasture and hayland group 7. 


Kittson Series 


The Kittson series consists of somewhat poorly 
drained to moderately well drained, nearly level soils 
that formed in calcareous loamy glacial till. 

In а representative profile the surface layer is very 
fine sandy loam about 10 inches thick. The upper part 
is black, and the lower part is very dark brown. The 
subsoil is friable, dark grayish-brown very fine sandy 
loam about 7 inches thick. The underlying material is 
clay loam. The upper part of this layer is grayish 
brown, and the lower part is light olive brown. 

Kittson soils have high natural fertility, high 
organie-matter content, and moderate to high avail- 
able water capacity. Permeability is moderately slow. 
The surface layer is neutral. 

Nearly all areas of these soils are cultivated, but а 
few areas are in pasture. Kittson soils are suited to all 
crops commonly grown in the county. 

Representative profile of Kittson very fine sandy 
loam, 0 to 2 percent slopes, 600 feet north and 600 
HEU of the southwest corner of sec. 31, T. 128 N., 


Ар—0 to 6 inches, black (10YR 2/1) very fine sandy loam; 
weak, very fine, granular structure; friable; neu- 
tral; abrupt, smooth boundary. 

A12—6 to 10 inches, very dark brown (10YR 2/2) very fine 
sandy loam; weak, fine, granular structure; fri- 
able; neutral; abrupt, wavy boundary. 

B2—10 to 17 inches, dark grayish brown (10YR 4/2) very 
fine sandy loam; weak, fine, subangular blocky 
Structure; friable; mildly alkaline; abrupt, wavy 
boundary. 

ПСіса--17 to 38 inches, grayish brown (2.5Y 5/2) clay 
loam; few, fine, faint, light olive brown (2.5Y 
5/6) mottles; weak, very fine, subangular blocky 
Structure; very firm; about 3 percent coarse frag- 
ments; strong effervescence; mildly alkaline; 
abrupt, wavy boundary. 

I1C2—38 to 60 inches, light olive brown (2.5Y 5/4) clay 
loam; common, fine, distinct, yellowish brown 
(10YR 5/6) mottles and many, medium, promi- 
nent, gray (5Y 5/1) mottles; weak, fine, subangu- 
lar blocky structure; very firm; few iron and 
Manganese concretions; about 3 percent coarse 
fragments; strong effervescence; mildly alkaline. 


The A horizon generally is black, but it is very dark gray 
or very dark brown in places. It is loam, very fine sandy 
loam, sandy loam, or fine sandy loam 9 to 14 inches thick. 
The B horizon is dark grayish brown, dark brown, and 
dark gray. It is very fine sandy loam, loam, or sandy clay 
loam. The IIC horizon is loam or clay loam. In some pro- 
files, a coarse-textured layer as much as 6 inches thick is 
above the IIC horizon. 

Kittson soils are associated with Roliss and Towner soils. 
They do not have the sandy layer typical of Towner soils. 
They are better drained than Roliss soils. 


58—Kittson very fine sandy loam, 0 to 2 percent 
slopes. This nearly level soil is on slight rises and 
slightly lower areas. Areas range from 5 to 160 acres 
in size. The soil is on a lake plain and nearby inter- 
beach areas that commonly are coarser textured than 
the lake plain. 

Included with this soil in mapping are a few small 
areas of soils that have a calcareous surface layer. 
Also included are small areas of Roliss, Kittson vari- 
ant, and Towner soils. 

Most areas of this soil are used for cultivated crops. 
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A few areas are used for hay and pasture. Small 
grains are the most common crops, but row crops, such 
as corn, soybeans, and sunflowers, are also grown. This 
soil is suited to all crops commonly grown in the 
county. 

The main management need is maintaining fertility 
and tilth. Capability unit I-1; windbreak suitability 
group 1; recreation group 1; pasture and hayland 
group 1. 


Kittson Variant 


Тће Kittson variant consists of very poorly drained 
and poorly drained, nearly level soils in the glacial 
lake basin. These soils formed in loamy material 
underlain by calcareous loamy glacial till. 

In a representative profile the surface layer is black 
fine sandy loam about 10 inches thick. The subsoil is 
very dark grayish-brown, very friable fine sandy loam 
about 11 inches thick. The underlying material is 
olive-gray clay loam. 

The Kittson variant soils have medium natural fer- 
tility, moderate to high available water capacity, and 
high organic-matter content. Permeability is moder- 
ately slow. The surface layer is mildly alkaline. 

Areas of the Kittson variant soils are used for cul- 
tivated crops and pasture. 

Representative profile of Kittson fine sandy loam, 
gray subsoil variant, 385 feet north and 2,575 feet west 
of the southeast corner of sec. 10, T. 128 N., R. 44 W.: 


A11—0 to 5 inches, black (10YR 2/1) fine sandy loam; 
moderate, fine, granular structure; very friable; 
mildly alkaline; abrupt, smooth boundary. 

А12—5 to 10 inches, black (10YR 2/1) fine sandy loam; 
weak, medium and coarse, prismatic structure 
parting to moderate, fine, granular; very friable; 
mildly alkaline; clear, wavy boundary. 

B21—10 to 15 inches, very dark grayish brown (10YR 3/2) 
fine sandy loam; weak, medium and coarse, sub- 
angular blocky structure; very friable; mildly 
alkaline; clear, wavy boundary. 

В22--15 to 21 inches, very dark grayish brown (2.5Y 3/2) 
fine sandy loam; few, fine, faint, light olive brown 
(2.5Y 5/4) mottles; weak, coarse, prismatic struc- 
ture parting to weak, medium, subangular blocky; 
very friable; mildly alkaline; abrupt, wavy bound- 


ary. 

IIC1g—21 to 36 inches, olive gray (БУ 5/2) clay loam; 
common, fine, prominent, yellowish brown (10YR 
5/6) mottles; weak, fine, subangular blocky struc- 
ture; friable; about 3 percent coarse fragments; 
Strong effervescence; mildly alkaline; gradual, 
wavy boundary. 

IIC2g—36 to 60 inches, olive gray (БУ 5/2) clay loam; few, 
fine, prominent, yellowish brown (10YR 5/6) mot- 
tles; massive; firm; about 3 percent coarse frag- 
ments; strong effervescence; mildly alkaline. 


Depth to free carbonates ranges from 16 to 30 inches. The 
А horizon generally is black, but it is very dark gray in 
places. It is sandy loam or fine sandy loam 8 to 18 inches 
thick. The B2 horizon is very dark grayish brown or dark 
grayish brown. It is loamy fine sand, loamy sand, sand, or 
fine sandy loam. The loam or clay loam IIC horizon is at a 
depth of 20 to 30 inches. 

ittson variant soils are associated with Rockwell, Ar- 
veson, and Towner soils. They have a noncalcareous A 
horizon, and Rockwell and Arveson soils have a calcareous 
A horizon. They are more poorly drained than Towner soils. 


V58—Kittson fine sandy loam, gray subsoil variant 
(0 to 2 percent slopes). This nearly level soil is in the 


glacial lake basin. It is in slightly depressional areas 
that range from 5 to 30 acres in size. This soil is ad- 
jacent to or surrounded by better drained soils. 

Included with this soil in mapping are small areas of 
Rockwell, Roliss, and Towner soils. Also included are 
small areas of soils that have a calcareous surface 
layer and а few areas of soils that have а coarse- 
textured layer less than 6 inches thick. 

This soil is used for cultivated crops, pasture, and 
hayland. If it is adequately drained, it is suited to all 
erops commonly grown in the county. 

The main management needs are maintaining and 
improving drainage. Capability unit IIIw-2; wind- 
break suitability group 3; recreation group 4; pasture 
and hayland group 4. 


Lake Beaches 


1032—Lake beaches (0 to 2 percent slopes). 'This 
mapping unit consists of soils around the borders of 
lakes and the edges of large ponds. It consists of mixed 
sandy or loamy soil material. In some areas stones are 
on the surface. In most areas the soil is nearly level, 
but in some it has short slopes and is steeper. Natural 
drainage is poor to very poor in level areas, but drain- 
age is better where the slopes are steeper. 

If the lakes are dry or have been drained, Lake 
beaches can be farmed in the same manner as sur- 
rounding areas. Natural fertility is low to medium, 
and available water capacity is variable, depending on 
the soil material. 

Most areas of Lake beaches are used for pasture 
and wildlife. Capability unit IIIw-2; windbreak suita- 
bility group 7; recreation group 4; pasture and hay- 
land group 6. 


Lamoure Series 


The Lamoure series consists of very poorly drained 
and poorly drained, nearly level, calcareous soils that 
formed in loamy alluvium along rivers and creeks. 

In a representative profile the surface layer is about 
32 inches thick. The upper part is black silt loam about 
19 inches thick, and the lower part is black silty clay 
loam about 13 inches thick. The subsoil is very dark 
gray, slightly sticky silty elay loam about 11 inches 
ми The underlying material is olive gray sandy 
oam. 

Lamoure soils have medium natural fertility, high 
organic-matter content, and high to very high avail- 
able water capacity. Permeability is moderate. The 
surface layer is moderately alkaline. 

These soils are used mainly for pasture and wildlife 
habitat, but a few areas are cultivated. 

Representative profile of Lamoure silt loam, 2,640 
feet east and 250 feet north of the southwest corner 
of sec. 11, T. 129 N., R. 48 W.: 


A11—0 to 19 inches, black (М 2/0) silt loam; weak, very 
fine, granular structure; friable; few concretions 
of lime; strong effervescence; moderately alkaline; 
abrupt, wavy boundary. 

A12—19 to 32 inches, black (10YR 2/1) silty clay loam; 
weak, fine, granular structure; slightly sticky; 
strong effervescence; moderately alkaline; gradual, 
wavy boundary. 
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B2g—32 to 48 inches, very dark gray (5Y 3/1) silty clay 
loam; common, fine, distinct, brown (7.5YR 4/4) 
mottles; weak, fine, subangular blocky structure; 
slightly sticky; strong effervescence: mildly alka- 
line; gradual, wavy boundary. 

IICg—43 to 60 inches, olive gray (5Y 5/2) sandy loam; 
common, fine, prominent, yellowish brown (10YR 
5/6) mottles; single grained; slightly sticky; 
slight effervescence; mildly alkaline. 

Thickness of the solum ranges from 24 to 45 inches. 
Depth to lime ranges from 0 to 8 inches. The A horizon is 
silt loam or silty clay loam. The B horizon is silt loam or 
silty clay loam. The C horizon is sandy loam, loam, silt 
loam, or silty clay loam. In some profiles gravelly coarse 
sand is below a depth of 40 inches. 

Lamoure soils are associated with Alluvial land, fre- 
quently flooded, but are at higher elevations. 

418—Lamoure silt loam (0 to 1 percent slopes). 
This nearly level soil is on bottom lands. Areas are 
long, and some are quite narrow. They are adjacent 
to Lamoure silt loam, frequently flooded, and Alluvial 
land, frequently flooded. In some spots the limy alluv- 
ium is covered with nonlimy, dark-colored sediment. 
In a few areas the soils are underlain by gravelly 
coarse sand at a depth as shallow as 36 to 40 inches. 
This soil has the profile described as representative of 
the series. 

Included with this soil in mapping are small areas 
of Lamoure silt loam, frequently flooded, in abandoned 
stream channels, and Alluvial land, frequently flooded, 
adjacent to streams. | 

А few slightly higher lying areas of this soil from 
which water runs off better are used for the cultivated 
crops commonly grown in the county. A few areas 
cannot be adequately drained because suitable outlets 
are lacking. These areas are used for hay, pasture, and 
wetland wildlife. 

The main management need is improving drainage, 
fertility, and tilth. Capability unit IIw-2; windbreak 
suitability group 4; recreation group 4; pasture and 
hayland group 5. 


359—Lamoure silt loam, frequently flooded (0 to 
1 percent slopes). This very poorly drained soil is in 
low-lying areas and abandoned river channels. It is 
adjacent to areas of Lamoure soils and Alluvial land, 
frequently flooded. The profile of this soil differs from 
the one described as representative of the series by 
having a thicker surface layer. 

Included with this soil in mapping are small areas 
of other Lamoure soils and areas of soils that have a 
mucky surface layer. 

This soil is likely to be flooded early in spring and 
after heavy rains in summer. The soil is generally not 
drained because adequate outlets are lacking. This soil 
is better suited to pasture and wildlife than to other 
uses. Capability unit VIw-1; windbreak suitability 
group 7; recreation group 4; pasture and hayland 
group 5. 


Langhei Series 


The Langhei series consists of somewhat excessively 
drained, undulating to very steep soils that formed in 
calcareous loamy glacial till. 

In a representative profile the surface layer is dark 
grayish-brown loam about 5 inches thick. The under- 


lying material is loam. The upper part of this layer is 
grayish brown, and the lower part is light olive brown. 

Langhei soils have low natural fertility, moderate 
organic-matter content, and high available water ca- 
pacity. Permeability is moderate. The surface layer is 
moderately alkaline. 

The high lime content of these soils affects the 
availability of certain nutrients. If fertilization and 
erosion-control practices are used, Langhei soils are 
suited to the crops commonly grown in the county. 

Representative profile of Langhei loam, in an area 
of Langhei-Barnes loams, 6 to 12 percent slopes, 
eroded, 1,300 feet west and 200 feet north of the south- 
east corner of sec. 36, T. 130 N., R. 41 W.: 


Ар—0 to 5 inches, dark grayish brown (10YR 4/2) loam; 
light gray (10YR 7/1) dry; weak, very fine, gran- 
ular structure; friable; strong effervescence; mod- 
erately alkaline; abrupt, smooth boundary. 

Сіса--5 to 11 inches, grayish brown (2.5Y 5/2) loam; weak, 
fine, subangular blocky structure; friable; about 
5 percent coarse fragments; violent effervescence; 
moderately alkaline; clear, wavy boundary. 

C2—-11 to 60 inches, light olive brown (2.5Y 5/6) loam; 
weak, fine and very fine, subangular blocky struc- 
ture; few light gray (10YR 7/1) threads of lime; 
friable; about 5 percent coarse fragments; strong 
effervescence; mildly alkaline. 

The A horizon is loam or clay loam, Reaction ranges 
from slightly acid to strongly acid. The Ap horizon is dark 
gray, dark grayish brown, or grayish brown. In places in 
some uncultivated areas the Al horizon is as thick as 4 
inches and is black or very dark gray. The C horizon is 
loam or clay loam. 

Langhei soils are associated with Barnes, Formdale, 
Aazdahl, and Svea soils. They have a thinner A horizon, a 
lighter colored Ap horizon, and better natural drainage 
than any of these soils. 


220E—Langhei loam, 18 to 35 percent slopes. This 
Steep soil is on bluffs, along streams and drainageways, 
and around the borders of ponds and lakes. Waterways 
dissect the area, making cross slopes very irregular. 
The slopes are 100 to 300 feet long. This soil has a 
thinner profile than the one described as representative 
of the series. 

Included with this soil in mapping are small areas of 
Barnes and Darnen soils. The Darnen soil is on toe 
slopes and in drainageways. Also included are areas of 
less sloping soils and areas of gravelly soils. 

In most areas of this soil the vegetation is grass. 
Because of steep slopes this soil is better suited to 
grassland than to other uses. Water runs off very 
rapidly. Overgrazing is a hazard because of the re- 
sulting erosion. 

The main management needs are controlling erosion 
and maintaining an adequate cover of grass. Capability 
unit УПе-1; windbreak suitability group 2; recreation 
group 1; pasture and hayland group 2. 

942C2—Langhei-Barnes loams, 6 to 12 percent slopes, 
eroded. This mapping unit consists of soils that have 
complex, rolling slopes. The Langhei soil makes up 50 
to 80 percent of the areas, and Barnes soil makes up 
20 to 50 percent. The Langhei soil formed on the 
steeper and more convex parts of the slopes in the 
landscape. The transition from the Langhei to the 
Barnes soil, which formed on the less convex parts of 
the slopes, is gradual. The Langhei soil has the profile 
described as representative of its series. The Barnes 
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soil has a thinner profile than the one described as 
representative of its series. The soils are moderately 
eroded in most places, and as a result the surface 
layer has been mixed with the subsoil by tillage. 

Included with these soils in mapping are small areas 
of soils that are only slightly eroded and that have a 
darker colored surface layer than these soils. Also in- 
cluded are areas of Darnen soils in concave positions, 
small areas of more strongly sloping soils, small areas 
of less sloping soils, small areas of sandy soils, and 
small areas of a gravelly soil. A few small areas of 
soils that have a silty surface layer and subsoil and 
a few areas mapped that are more than 50 percent 
Barnes soil are also included. 

Nearly all areas of this mapping unit are used for 
cultivated crops. These soils are suited to all crops 
commonly grown in the county. А few areas are used 
for hay and pasture. The Langhei soil is less produc- 
tive than the Barnes soil, because the high content of 
lime causes а nutrient imbalance. Water runs off at a 


medium to rapid rate. The hazard of erosion is mod- 
erately severe. 

'The main management needs are controlling erosion, 
improving fertility and tilth, and conserving moisture. 
Capability unit IIIe-1; Langhei part in windbreak 
suitability group 2, Barnes part in windbreak suitabil- 
ity group 1; recreation group 1; pasture and hayland 
group 1. 


942D2—Langhei-Barnes loams, 12 to 18 percent 
slopes, eroded. This complex consists of hilly soils 
on uplands and along valley walls of rivers and drain- 
ageways (fig. 6). The Langhei soil makes up 60 to 
80 percent of the area, and the Barnes soil makes up 
20 to 40 percent. The Langhei soil is on the more 
convex parts of the slopes, and the Barnes soil is on 
the less convex parts. The Barnes and Langhei soils, 
in most places, have profiles that are thinner than the 
ones described as representative of their respective 
series. On many eroded hillsides are large yellowish 
spots where the material that generally underlies the 


Figure 6.—Typical landscape of Langhei-Barnes loams, 12 to 18 percent slopes, eroded. The lighter colored Langhei soil is steeper than 
the darker colored Barnes soil. | 
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soils has been exposed. The fringes of these spots are 
brown because the subsoil of the Barnes soil has been 
exposed. The slopes range from 100 to 250 feet in 
length in many places. They are uniform in some 
places, but in others they are dissected by small, sharp 
drainageways. 

Included with these soils in mapping are small areas 
of soils that are only slightly eroded. Also included are 
small areas of soils that are more sloping than these 
soils, small areas that are less sloping, and areas of 
gravelly soils. Small areas of Darnen and Svea soils on 
the concave foot slopes and Flom, Quam, and Parnell 
soils in drainageways and depressions are also in- 
cluded. 

These soils are used for cultivated crops and pasture. 
They are suited to all crops commonly grown in the 
county. Water runs off rapidly, and the hazard of ero- 
sion is severe if clean-tilled crops are grown. Because 
of the rapid runoff, the amount of water available for 
plant growth is reduced. 

The main management needs are controlling ero- 
sion, improving fertility and tilth, and conserving 
moisture. Capability unit IVe-1; Langhei part in wind- 
break suitability group 2, Barnes part in windbreak 
suitability group 1; recreation group 1; pasture and 
hayland group 1. 


943C2—Langhei-Formdale clay loams, 6 to 12 per- 
cent slopes, eroded. This mapping unit consists of soils 
on the till plain. Many sloughs and waterways are in 
the areas. The Langhei soil makes up 50 to 70 percent 
of an area, and the Formdale soil makes up 30 to 50 
percent. The Langhei soil is on the more convex parts 
of the slopes in the landscape, and the Formdale soil 
is on the less convex parts. In most places the Form- 
dale soil has a combined surface layer and subsoil that 
is thinner than the combined surface layer and sub- 
soil in the profile described as representative of the 
series. The Langhei soil is generally clay loam through- 
out the profile. In many areas the slopes are irregular 
and slope in several directions, but in some areas slopes 
are more uniform and are 150 to 250 feet long. 

Included with these soils in mapping are small areas 
of Darnen soils on toe slopes, Aazdahl and Flom soils 
in drainageways and slight depressions, and Parnell 
soils in deeper depressions. Many areas of Flom and 
Parnell soils are indicated by spot symbols. In Rose- 
ville township are a few areas of soils that have a 
clayey surface layer and subsoil. 

These soils are used mainly for cultivated crops, 
but a few areas are used for pasture. The soils are 
suited to all crops commonly grown in the county. 
Water runs off at a medium to rapid rate, and the 
hazard of erosion is moderately severe. 

` The main management needs are controlling erosion 
and improving fertility and НІ. Capability unit IIIe- 
1; Langhei part in windbreak suitability group 2, 
Formdale part in windbreak suitability group 1; rec- 
reation group 1; pasture and hayland group 1. 


943D2—Langhei-Formdale clay loams, 12 to 18 per- 
cent slopes, eroded. This mapping unit consists of 
hilly soils on uplands and along valley walls of rivers 
and drainageways west of the Pomme de Terre River. 
The Langhei soil makes up about 50 to 70 percent of 


the areas, and the Formdale soil makes up 30 to 50 
percent. The Langhei soil is on the most convex parts 
of the slopes in the landscape, and the Formdale soil 
is on the less convex parts. In most places the Form- 
dale soil has a profile thinner than the one described 
as representative of the series. The Langhei soil is 
generally clay loam throughout the profile. On many 
eroded hillsides are large yellowish spots where the 
material that generally underlies the soils has been 
exposed. The fringes of these spots are brown because 
the subsoil of the Formdale soil has been exposed. The 
slopes range from 100 to 250 feet in length in many 
places. They are uniform but, in places, are dissected 
by small, sharp drainageways. 

Included with these soils in mapping are small areas 
of soils that are only slightly eroded, small areas of 
soils that are more strongly sloping than these soils, 
and small areas of soils that are less sloping. Also in- 
cluded are areas of gravelly soils, small areas of 
Darnen and Aazdahl soils on toe slopes, and small 
areas of Flom, Quam, and Parnell soils in drainage- 
ways and depressions. 

These soils are used for cultivated crops and pas- 
ture. They are suited to all crops commonly grown in 
the county. Water runs off rapidly, however, and the 
hazard of erosion is severe. Because of the rapid run- 
off, the amount of water available for plant growth 
is reduced. 

The main management needs are controlling erosion, 
improving fertility and tilth, and conserving moisture. 
Capability unit IVe-1; Langhei part in windbreak 
suitability group 2, Formdale part in windbreak suit- 
ability group 1; recreation group 1; pasture and hay- 
land group 1. 


Maddock Series 


The Maddock series consists of deep, well-drained, 
nearly level to hilly soils that formed in sandy ma- 
terial. 

In а representative profile the surface layer is very 
dark brown loamy sand about 12 inches thick. The 
subsoil is friable, dark grayish-brown fine sand about 
8 inches thick. The underlying material is fine sand. 
The upper part of this layer is brown, and the lower 
part is pale brown. 

Maddock soils have low natural fertility, low avail- 
able water capacity, and moderate organic-matter con- 
tent. Permeability is rapid. The surface is neutral. 

Nearly all areas of these soils are used for crops. 
Maddock soils are droughty and are subject to severe 
soil blowing in unprotected areas. 

Representative profile of Maddock loamy sand, 1 to 
6 percent slopes, 1,800 feet east and 60 feet north of 
the southwest corner of sec. 15, T. 129 N., R. 41 W.: 


Ар—0 to 12 inches, very dark brown (10YR 2/2) loamy 
sand; weak, very fine, subangular blocky struc- 
ture; friable; neutral; gradual, wavy boundary. 

B2—12 to 20 inches, dark grayish brown (10YR 4/2) fine 
sand; weak, fine, subangular blocky structure; 
friable; neutral; gradual, wavy boundary. 

C1—20 to 30 inches, brown (10YR 5/8) fine sand; single 
grained; loose; slight effervescence; mildly alka- 
line; gradual, wavy boundary. 

С2--80 to 60 inches, pale brown (10YR 6/3) fine sand; 
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single grained; loose; strong effervescence; mildly 
alkaline. 


Depth to carbonates ranges from 20 to 50 inches. The A 
horizon generally is black, very dark brown, and very dark 
gray. It is loamy sand or loamy fine sand 10 to 14 inches 
thick. Reaction is slightly acid to neutral. The B horizon is 
dark grayish brown, grayish brown, dark brown, or brown. 
Reaction is slightly acid to neutral. 

Maddoek soils are associated with Sverdrup and Arvilla 
soils. They have a coarser textured and thinner solum than 
Sverdrup soils. They are underlain by fine sand, and 
Arvilla soils are underlain by gravelly coarse sand. 


45B—Maddock loamy sand, 1 to 6 percent slopes. 
This nearly level to gently sloping soil is on outwash 
plains and upland areas. Many of the areas are adja- 
cent to Arvilla, Sioux, and Sverdrup soils on river 
terraces and outwash plains and to Barnes or Sverdrup 
soils on uplands. The slopes generally are short. This 
soil has the profile described as representative of the 
series. In some places the soil is calcareous at or near 
the surface, resulting in a grayish appearance in 
freshly plowed fields. 

Included with this soil in mapping are small areas 
of Sverdrup soils, small areas of soils that are more 
strongly sloping than this Maddock soil, and a few 
areas of moderately eroded soil. Also included are small 
areas of soils that are underlain by loamy or silty 
material above a depth of 40 inches. 

Nearly all areas of this soil are used for crops, but 
some areas are used for pasture or wildlife. This soil 
is suited to all crops commonly grown in the county. 
Droughtiness is a serious limitation, and it affects 
crops in most years. The hazard of soil blowing is 
severe on unprotected fields during winter and spring. 

The main management needs are controlling ero- 
sion, conserving moisture, and maintaining fertility. 
Capability unit IVs-2; windbreak suitability group 6; 
recreation group 3; pasture and hayland group 7. 


45C—Maddock loamy sand, 6 to 18 percent slopes. 
This sloping to moderately steep soil is on outwash 
plains and upland areas, generally around the edges 
of sloughs and along waterways. Many of the areas 
are adjacent to Arvilla, Sioux, and Sverdrup soils on 
river terraces and outwash areas. The profile of this 
soil differs from the one described as representative 
of the series by having a thinner surface layer. 

Included with this soil in mapping are small areas 
of soils that have slopes lesser or greater than this 
soil, small areas of Sverdrup soils, and a few areas 
of eroded soils. 

This soil is used mainly for pasture and wildlife. 
Some areas are used for crops. Тће soil is poorly suited 
to the crops commonly grown in the county. Droughti- 
ness is a serious limitation, and it affects crops in 
most years. Water runs off at a medium to rapid rate, 
and the hazard of erosion is moderately severe. 

The main management needs are controlling erosion, 
conserving moisture, and improving fertility. Capa- 
bility unit VIs-1; windbreak suitability group 6; rec- 
reation group 3; pasture and hayland group 7. 


Marsh 


1053—Marsh (0 to 1 percent slopes). This land type 
consists of undrained, closed depressions and ponds that 


generally impound 1 to 3 feet of water, except in dry 
years. Cattails, reeds, sedges, and other water- 
dependent plants grow in scattered places along shores 
and in open water. The soils in these areas have not 
been identified, but the soil material is clay loam, silty 
clay loam, silt loam, mucky silt loam, or mucky silty 
clay loam. 

Marsh has good potential for wetland wildlife habi- 
tat. It provides nesting, mating, and escape areas for 
waterfowl, furbearers, and upland wildlife. Many of 
these areas can be improved for wildlife habitat by 
controlling the water level, by increasing the resting 
and cre areas for ducks, and by fencing out live- 
stock. 

Many of these areas are impracticable to drain, be- 
cause they lack adequate outlets. Capability unit 
VIIIw-1; windbreak suitability group 7; recreation 
group 4; pasture and hayland group 8. 


McIntosh Series 


The McIntosh series consists of somewhat poorly 
drained to moderately well drained, nearly level, cal- 
careous soils that formed in silty sediment underlain 
by loamy glacial till. 

In a representative profile the surface layer is silt 
loam about 12 inches thick. The upper 9 inches is 
black, and the lower 8 inches is grayish brown. The 
underlying material is stratified. The upper 5 inches 
of this layer is pale-brown silt loam, the middle 10 
inches is light olive-brown silt loam, and the lower 
part is light olive-brown clay loam. 

McIntosh soils have medium natural fertility, high 
organic-matter content, and high available water ca- 
pacity. Permeability is moderately slow. The surface 
layer is moderately alkaline. 

These soils are well suited to crops if they are 
properly managed. Most areas of McIntosh soils are 
cultivated. 

Representative profile of McIntosh silt loam, 0 to 2 
percent slopes, 1,000 feet south and 180 feet east of 
the northwest corner of sec, 35, Т. 127 М., R. 44 W.: 


Ар—0 to 9 inches, black (10YR 2/1) silt loam; weak, very 
fine, granular structure; very friable; strong effer- 
vescence; moderately alkaline; abrupt, smooth 
boundary. 

Al2ca—9 to 12 inches, grayish brown (10YR 5/2) silt 
loam; few black (10YR 2/1) threads; weak, very 
fine, granular structure; very friable; violent effer- 
vescence; moderately alkaline; clear, wavy bound- 


ary. 

Сіса--12 to 17 inches, pale brown (10YR 6/3) silt loam; 
weak, very fine subangular blocky structure; very 
friable; violent effervescence; moderately alkaline; 
clear, wavy boundary. 

C2—17 to 27 inches, light olive brown (2.5Y 5/4) silt loam; 
weak, very fine, subangular blocky structure; very 
friable; strong effervescence; mildly alkaline; 
abrupt, wavy boundary. 

IIC3—27 to 60 inches, light olive brown (2.5Y 5/4) clay 
loam; common, fine, distinct, yellowish brown 
(10YR 5/6) and light gray (5Y 7/1) mottles; 
structureless; friable; about 2 percent coarse frag- 
ments; strong effervescence; mildly alkaline. 


Thickness of the silty mantle ranges from 24 to 40 inches 
and varies within short distances. Some profiles contain 
variable amounts of gypsum crystals. In some profiles, a 
pebble band is at the contact area between the silt and the 
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underlying till. The A horizon generally is silt loam, but 
it is silty clay loam in places. The Ap horizon is black or 
very dark gray. The IIC horizon is loam or clay loam. 

McIntosh soils are similar to Hamerly soils, but they 
have more silt in the surface and subsurface layers. They 
are better drained than Vallers soils. 

108—MclIntosh silt loam, 0 to 2 percent slopes. This 
nearly level soil is in irregularly shaped areas on the 
glacial lake plain and the till plain. Areas are bumpy, 
characterized by shallow depressions and slight rises. 

Included with this soil in mapping are small areas 
of Hamerly and Bearden soils, small areas of soils that 
have a noncalcareous surface layer, and a few areas 
of soils that are poorly drained. 

Most areas of this soil are used for cultivated crops. 
Jt is suited to all crops commonly grown in the county. 
If this soil is left unprotected, soil blowing is a haz- 
ard in winter and spring. The high content of lime 
causes an imbalance of nutrients. 

The main management needs are controlling ero- 
sion and improving fertility. Capability unit IIs-2; 
windbreak suitability group 2; recreation group 1; pas- 
ture and hayland group 1. 


Oldham Series 


Тће Oldham series consists of very poorly drained, 
nearly level, calcareous soils in sloughs, potholes, and 
depressions. These soils formed in silty, water-sorted 
sediment derived from local drift. The native vegeta- 
n consists of marsh grass, cattails, sedges, and 
reeds. 

In a representative profile the surface layer is black 
silty clay loam about 39 inches thick. The underlying 
material is very dark gray silty elay loam. 

Oldham soils have high natural fertility, high 
organic-matter content, and high to very high avail- 
able water capacity. Permeability is slow. The surface 
layer is mildly alkaline. 

If these soils are to be cultivated, drainage is 
needed to remove excess surface water. Undrained 
areas can provide good habitat for wetland wildlife. 

Representative profile of Oldham silty clay loam, 
800 feet west and 250 feet north of the southeast 
corner of sec. 8, T. 130 N., R. 48 W.: 


Ap—0 to 9 inches, black (N 2/0) silty clay loam; weak, 
fine, granular structure; slightly sticky; about 1 
percent snail shells; strong effervescence; mildly 
alkaline; abrupt, wavy boundary. 

А12—9 to 25 inches, black (N 2/0) silty clay loam; weak, 
very fine, subangular blocky structure; sticky; 
about 1 percent snail shells; strong effervescence; 
mildly alkaline; gradual, wavy boundary. 

A13—25 to 39 inches, black (N 2/0) silty clay loam; weak, 
very fine, subangular blocky structure; sticky; 
about 1 percent snail shells; slight effervescence; 
mildly alkaline; gradual, wavy boundary. 

C—39 to 60 inches, very dark gray (5Y 3/1) silty clay 
loam; weak, fine, subangular blocky structure; 
sticky; about 1 percent snail shells; strong effer- 
vescence; mildly alkaline. 


Snail shells commonly are throughout the profile. A thin 
layer of muck 2 to 6 inches thick covers the A horizon in a 
few areas. The A horizon is black or very dark gray. It is 
silty clay loam or light silty clay 24 to 50 inches thick. 

The Oldham soils as mapped are very poorly drained 
and are outside the defined range of the series. This dif- 
ference does not significantly affect their use and manage- 
ment. 


Oldham soils are similar to Quam, Parnell, and Urness 
soils. They are more alkaline than Quam and Parnell soils 
and have a lower organic-matter content in the surface 
layer than Urriess soils. 

276—-Oldham silty clay loam (0 to 1 percent slopes). 
This nearly level soil is in deep depressions and small 
lake basins. Areas are variable in size and are gen- 
erally circular and oblong in shape. This soil is flooded 
in spring; most areas are flooded occasionally through- 
out the year. Some areas dry by midsummer, but 
many are wet all year. 

Ineluded with this soil in mapping are small areas 
of Urness, Quam, and Vallers soils. Also included are 
areas of soils that have а dark-colored layer more 
than 60 inches thick; a few areas of soils that are 
underlain by sand at a depth of less than 40 inches, 
mainly near the beach ridges in the western part of 
the county; and a few areas of soils that have 2 to 6 
inches of muck over the A horizon. 

When undrained, this soil is covered with marsh 
vegetation that consists of sedges, reeds, rushes, or 
willows. The undrained areas have good potential for 
wetland wildlife habitat. They provide food, cover, and 
nesting for waterfowl, furbearers, and upland wildlife. 
Many of these areas can be improved for wildlife 
habitat by exposing or creating additional open water. 

When drained this soil is used for crops, pasture, 
and hay, depending on the kind of drainage system in- 
stalled. If adequately drained, this soil is suited to all 
erops grown in the county. Small grains tend to lodge, 
and corn and soybeans may not reach maturity every 
year. This soil can be drained by open ditch or tile. 

The main management needs are drainage and main- 
taining fertility. Capability unit IITw-1; windbreak 
suitability group 7; recreation group 4; pasture and 
hayland group 6. 


Parnell Series 


The Parnell series consists of very poorly drained, 
nearly level soils in deep potholes and sloughs. These 
soils formed in water-sorted silty and clayey sediment 
derived from local drift. The native vegetation con- 
sists of marsh grass, cattails, reeds, and sedges. 

In a representative profile the surface layer is silty 
clay loam about 19 inches thick. The upper 14 inches is 
black, and the lower 5 inches is very dark gray. The 
subsoil is firm silty clay about 22 inches thick. The 
upper 17 inches is black, and the lower 5 inches is 
very dark gray. The underlying material is olive silty 
clay loam. 

Parnell soils have high natural fertility, high 
organic-matter content, and high available water са- 
pacity. Permeability is slow. The surface layer is 
neutral. 

If adequately drained, Parnell soils are suited to 
cultivated crops. Undrained areas can provide good 
habitat for wetland wildlife. 

Representative profile of Parnell silty clay loam, in 
an area of Hamerly-Parnell complex, 0 to 3 percent 
slopes, 2,290 feet north and 265 feet east of the south- 
west corner of sec. 9, T. 128 N., R. 44 W.: 


Ар—0 to 9 inches, black (10YR 2/1) silty clay loam; weak, 
fine, subangular blocky structure; friable; neutral; 
abrupt, smooth boundary. 
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А12—9 to 14 inches, black (10YR 2/1) silty clay loam; 
weak, fine, subangular blocky structure; friable; 
neutral; abrupt, smooth boundary. 

А13—14 to 19 inches, very dark gray (10YR 3/1) silty clay 
loam; weak, fine, subangular blocky structure; fri- 
able; neutral; clear, wavy boundary. 

B2tg—19 to 36 inches, black (10YR 2/1) silty clay; strong, 
very fine, angular blocky structure; firm; many, 
medium, continuous, black (10YR 2/1) clay films 
on vertical faces of peds; neutral; gradual, wavy 
boundary. 

B3tg—36 to 41 inches, very dark gray (10YR 3/1, rubbed) 
silty clay; strong, very fine, angular blocky struc- 
ture; firm; many, thin, patchy, black (10YR 2/1) 
clay films on faces of peds; slight effervescence; 
mildly alkaline; clear, wavy boundary. 

С--41 to 60 inches, olive (БУ 5/3) silty clay loam; few, 
fine, distinct, light olive brown (2.5Y 5/6) mottles; 
massive; friable; about 2 percent coarse frag- 
ments; strong effervescence; mildly alkaline. 

The A horizon is silt loam or silty clay loam 8 to 30 
inches thick. It is black or very dark gray. The B horizon 
is black, very dark gray, dark olive gray, or olive gray. It 
is silty clay loam, silty clay, or clay. Depth to the under- 
lying glacial till ranges from 40 to more than 60 inches. 

Parnell soils are similar to Quam, Urness, and Flom 
soils. They are noncalcareous in the solum, and Urness 
soils are calcareous. Parnell soils have a B horizon that has 
an accumulation of translocated clay, unlike Quam and 
Flom soils. 


34—Parnell silty clay loam (0 to 1 percent slopes). 
This nearly level soil occupies small to medium-sized 
depressions, mainly in till plain areas. Most areas are 
circular or oblong. 

Included with this soil in mapping are small areas 
of Oldham soils in depressions and Vallers soils on 
narrow rims around depressions. In a few areas, the 
soil is underlain by sand above a depth of 40 inches, 
has a surface layer of silty clay, or has a mucky 
surface layer as much as 6 inches thick. 

When undrained, this soil is covered with marsh 
vegetation consisting of sedges, reeds, rushes, and 
willows. Undrained areas have good potential for wet- 
land wildlife habitat. They provide food, cover, and 
nesting for waterfowl, furbearers, and upland wildlife. 

When drained, this soil is used for crops, pasture, 
and hay. It is suited to all cultivated crops commonly 
grown in the county, but small grains tend to lodge, 
and corn and soybeans may not reach maturity every 
year. 

The main management needs are drainage and main- 
taining fertility and tilth. Capability unit IIIw-1; 
windbreak suitability group 7; recreation group 4; 
pasture and hayland group 6. 


Quam Series 


The Quam series consists of very poorly drained, 
nearly level soils in sloughs, potholes, and depressions. 
These soils formed under marsh grasses and cattails in 
water-sorted silty sediment derived from local drift. 

In a representative profile the surface layer is black 
silty clay loam about 39 inches thick. The underlying 
material is black silty clay loam. 

Quam soils have high natural fertility, high 
organic-matter content, and high to very high available 
water capacity. Permeability is moderately slow. The 
surface layer is neutral. 

Drainage is needed if these soils are to be used for 


crops. Undrained areas can provide good habitat for 
wetland wildlife. 

Representative profile of Quam silty clay loam, 50 
feet west and 200 feet north of the southeast corner 
of sec. 33, T. 128 N., R. 41 W.: 


Ар—0 to 7 inches, black (5Y 2/1) silty clay loam; weak, 
very fine, granular structure; friable; neutral; 
abrupt, smooth boundary. | 

A12—7 to 17 inches, black (N 2/0) silty clay loam; weak, 
very fine, granular structure; friable; neutral; 
gradual, wavy boundary. 

A13—17 to 29 inches, black (N 2/0) silty clay loam; few, 
fine, distinct, dark brown (7.5YR 3/2) mottles; 
weak, fine, subangular blocky structure; slightly 
sticky; neutral; gradual, wavy boundary. 

A14—29 to 39 inches, black (N 2/0) silty clay loam; few, 
fine, distinct, dark brown (7.5YR 3/2) mottles; 
weak, fine, subangular blocky structure; slightly 
sticky; slight effervescence; mildly alkaline; grad- 
ual, wavy boundary. 

C—39 to 60 inches, black (10YR 2/1) silty clay loam; few, 
fine, distinct, dark brown (7.5YR 3/2) mottles; 
massive; slightly sticky; slight effervescence; 
mildly alkaline. 

Depth to free carbonates ranges from 30 to 60 inches, 
The A horizon generally is 30 to 60 inches thick, but it 
ranges from 24 to 80 inches in thickness. The A horizon is 
black or very dark gray. It generally is silty clay loam or 
silt loam throughout, but it contains thin subhorizons of 
loam or clay loam in places. The C horizon is loam, clay 
loam, or silty clay loam. 

Quam soils are associated with Formdale, Barnes, and 
Flom soils. They are more poorly drained and have a 
thicker A horizon than any of these soils. 


344—Quam silty clay loam (0 to 1 percent slopes). 
This nearly level, depressional soil occupies large, deep 
potholes and sloughs, mainly in the morainic upland 
and till plain areas. Areas range from 10 to more than 
30 acres in size. The surrounding slopes generally rise 
20 to 50 feet above the bottoms of the depressions. In 
a few areas, mainly in Roseville township, the soil is 
silty clay. In some areas a mucky layer as much as 6 
inches thick is on the surface. 

Included with this soil in mapping are small areas 
of Urness and Oldham soils. Also included are small 
areas of Vallers soils on a caleareous rim around the 
depressions. 

When undrained, this soil is covered with marsh 
vegetation consisting of sedges, reeds, rushes, and 
willows. The undrained areas have good potential for 
wetland wildlife habitat. They provide food, cover, and 
nesting for waterfowl, furbearers, and upland wild- 
life. When drained, this soil is used for crops, pasture, 
and hay, depending on the drainage system installed. 
If adequately drained, this soil is suited to all crops 
commonly grown in the county. Small grains have a 
tendency to lodge, and corn and soybeans may not 
reach maturity every year because of the low-lying 
position of this soil. 

The main management needs are drainage and main- 
taining fertility and tilth. Capability unit IIIw-1; 
windbreak suitability group 7; recreation group 4; 
pasture and hayland group 6. 


Rockwell Series 


The Rockwell series consists of very poorly drained 
and poorly drained, nearly level, calcareous soils that 
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formed in layers of loamy and sandy material under- 
lain by loamy glacial till. 

In a representative profile the surface layer is about 
24 inches thick. The upper 18 inches is black loam, 
and the lower 11 inches is very dark gray sandy loam. 
The underlying material is stratified. The upper 6 
inches of this layer is gray fine sand, the next 5 inches 
is grayish-brown fine sand, and lower part is olive- 
gray clay loam. 

Rockwell soils have medium natural fertility, high 
organic-matter content, and moderate to high available 
water capacity. Permeability is moderate to moderately 
slow. The surface layer is moderately alkaline. 

If adequate drainage is used, Rockwell soils are 
suited to all crops grown in the county. Most areas of 
Rockwell soils are cultivated. 

Representative profile of Rockwell loam, 2,140 feet 
south and 1,000 feet west of the northeast corner of 
sec. 12, Т. 128 N., R. 4A W.: 


Ар--0 to 8 inches, black (10YR 2/1) loam; weak, fine, 
granular structure; friable; strong effervescence; 
moderately alkaline; clear, smooth boundary. 

А12са—8 to 13 inches, black (10YR 2/1) loam; weak, fine, 
granular structure; friable; strong effervescence; 
moderately alkaline; clear, smooth boundary. 

А13са—13 to 24 inches, very dark gray (10YR 3/1) sandy 


loam; weak, fine, granular structure; very friable; 


common gypsum crystals; strong effervescence; 
moderately alkaline; gradual, wavy boundary. 

Сіса--24 to 30 inehes, gray (5Y 5/1) fine sand; few, fine, 
distinct, light olive brown (2.5Y 5/6) mottles; 
single grained; loose; violent effervescence; mod- 
erately alkaline; clear, wavy boundary. 

C2—30 to 35 inches, grayish brown (2.5Y 5/2) fine sand; 
few, fine, distinct, yellowish brown (10YR 5/6) 
mottles; single grained; loose; few dark brown 
manganese concretions; slight effervescence; mildly 
alkaline; abrupt, wavy boundary. 

IIC3g—35 to 60 inches, olive gray (БҮ 5/2) clay loam; 
common fine, distinct, yellowish brown (10YR 5/6) 
mottles; structureless; firm; common gypsum crys- 
tals; about 3 percent coarse fragments; strong 
effervescence; mildly alkaline. 


The A horizon is loam, sandy loam, or fine sandy loam 
7 to 24 inches thick. The С1са and C2 horizons are fine 
sand, loamy fine sand, loamy sand, or sand. The loamy and 
sandy layers generally range from 20 to 40 inches thick 
but typically are 30 to 35 inches thick. The lower part of 
many profiles contains gypsum crystals. The IIC horizon 
is loam or clay loam. 

Rockwell soils are associated with Grimstad, Roliss, and 
Kittson variant soils. They are more poorly drained and 
are grayer in the underlying material than Grimstad soils. 
They have a zone of lime accumulation at a depth of less 
than 16 inches, and Roliss and Kittson variant soils, have 
no such horizon above that depth. 


63—Rockwell loam (0 to 2 percent slopes). This 
nearly level to slightly concave soil is on the lake plain 
and in areas adjacent to lake beaches on till plains. 
Areas range from 10 to 50 acres in size. The surface 
layer is commonly black, but variations of black and 
mottled very dark gray also occur. In Gorton township 
in a few areas, a gravelly layer is in the upper part of 
the profile. This soil has the profile described as repre- 
sentative of the series. 

Included with this soil in mapping are small areas 
of Grimstad, Arveson, Kittson variant, Roliss, and 
Vallers soils. Also included are a few areas of soils 
that have a surface layer of loamy fine sand. 

Most areas of this soil are used for cultivated crops. 


It is suited to all crops commonly grown in the county. 
Small grains are the most common crops, but row 
crops such as sunflowers, soybeans, and corn are also 
grown. A few areas are used for hay and pasture. 
Drainage is needed to insure good crop growth each 
year. 


The main management need is improving drainage, 
fertility, and tilth. Capability unit IIw-3; windbreak 
suitability group 4; recreation group 4; pasture and 
hayland group 8. 


970—Rockwell-Vallers complex (0 to 2 percent 
slopes). This mapping unit consists of nearly level 
soils in areas that range from 20 to 40 acres in size. 
Areas are variable in shape and lie along either side 
of the easternmost beach ridge. These soils are in a 
pattern too complex to map separately, and they each 
make up from 40 to 60 percent of the complex. 

Included with this complex in mapping are small 
areas of Roliss, Flom, Towner, Kittson variant, Grim- 
stad, and Arveson soils. 

Nearly all areas of this complex are used for culti- 
vated crops. If adequate drainage is used, the soils 
are suited to all crops commonly grown in the county. 
A small acreage is used for hay and pasture. 

The main management need is improving drainage, 
fertility, and tilth. Capability unit IIw-3; windbreak 
suitability group 4; recreation group 4; pasture and 
hayland group 3. 


Roliss Series 


The Roliss series consists of very poorly drained 
and poorly drained, nearly level soils that are mostly 
ealeareous throughout. These soils formed in loamy 
glacial till. 

In a representative profile the surface layer is black 
loam about 11 inches thick. The subsoil is friable, 
olive-gray loam about 5 inches thick. The underlying 
material is grayish-brown clay loam. 

Roliss soils have high natural fertility, high organic- 
matter content, and moderate to high available water 
capacity. Permeability is moderately slow. Тће surface 
layer is mildly alkaline. 

Nearly all areas of Roliss soils are cultivated. A few 
areas are used for hay, pasture, and wildlife habitat. 

Representative profile of Roliss loam, in an area of 
Roliss complex, 1,175 feet east and 375 feet north of 
the southwest corner of sec. 20, T. 130 N., R. 44 W.: 


Ар—0 to 8 inches, black (10YR 2/1) loam; weak, very fine, 
granular structure; friable; few masses of lime; 
slight effervescence; mildly alkaline; abrupt, 
smooth boundary. 

А12—8 to 11 inches, black (10YR 2/1) loam; weak, very 
fine, granular structure; friable; few masses of 
lime; mildly alkaline; slight effervescence; clear, 
wavy boundary. 

B2g—11 to 16 inches, olive gray (БУ 5/2) loam; few, fine, 
distinct, yellowish brown (10YR 5/6) mottles; 
weak, fine, subangular blocky structure; friable; 
about 1 percent coarse fragments; few masses of 
gypsum; slight effervescence; mildly alkaline; 
gradual, wavy boundary. 

ПСіса--16 to 24 inches, grayish brown (2.5Y 5/2) clay 
loam; few, fine, distinct, yellowish brown (10YR 
5/6) and light olive brown (asy 5/4) mottles; 
weak, very fine, subangular blocky structure; fri- 
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able; about 3 percent coarse fragments; few 
masses of gypsum; strong effervescence; mildly 
alkaline; gradual, wavy boundary. 

C2—24 to 60 inches, grayish brown (2. BY 5/2) clay loam; 
common, fine, distinct, yellowish brown (10YR 
5/6) and light olive brown (2.5Y 5/4) mottles and 
common, medium, distinct, gray (5Y 5/1) mottles; 
weak, very fine, subangular blocky structure; firm; 
about 3 percent coarse fragments; few masses of 
gypsum; strong effervescence; mildly alkaline. 


Depth to free carbonates ranges from 0 to 10 inches. 
The A horizon is generally black. In the lower parts of 
some profiles, it is very dark gray or very dark grayish 
brown. The A horizon typically is clay loam or loam, but it 
is silty clay loam, sandy loam, and sandy clay loam in 
places. The A horizon is 7 to 15 inches thick. The B2g 
horizon is similar in texture to the A horizon and is 4 to 
6 inches thick. It is olive gray, dark grayish brown, very 
dark grayish brown, and grayish brown. It has distinct or 
prominent mottles. Reaction ranges from neutral to mildly 
alkaline. In some profiles, the B horizon has a coarse- 
textured layer as thick as 5 inches. The C horizon is loam 
or clay loam. 

Roliss soils are associated with Kittson and Vallers soils. 
They are more poorly drained than Kittson soils and do 
not have a zone of lime accumulation above a depth of 16 
inches, unlike Vallers soils. 


582—Roliss loam (0 to 1 percent slopes). This nearly 
level and slightly concave soil is in the lake basin. It 
commonly is associated with an interbeach landscape 
where soil material changes within short distances 
and relief is variable. Areas are variable in size and 
range from 50 to more than 1,000 acres. 

Included with this soil in mapping are areas of 
Vallers soils on rims around shallow depressions, Rock- 
well and Kittson variant soils in slightly concave posi- 
tions, and Kittson and Towner soils on slight rises. 

Most areas of this soil are used for crops. Some 
areas are in hay and pasture. This soil needs drainage 
to insure crop production each year. It is suited to all 
crops commonly grown in the county. Small grains 
are the most common crops, but row crops such as corn, 
soybeans, and sunflowers are also grown. 

The main management needs are improving drain- 
age and maintaining fertility and tilth. Capability 
unit IIw-1; windbreak suitability group 3; recreation 
group 4; pasture and hayland group 3. 


971—Roliss complex (0 to 1 percent slopes). This 
complex occupies areas that range in size from 100 
to 1,000 acres. The Roliss loam makes up 70 to 80 
percent of this complex, and soils in depressions make 
up 20 to 30 percent. The nearly level landscape is 
dotted with many shallow swales and depressions. 
These depressions range from a few inches to 2 feet 
in depth. The soils in the depressions have a surface 
layer of loam or silt loam. The subsoil is clay loam 
or sandy clay loam. The underlying material is firm, 
calcareous loam or clay loam glacial till. The Roliss soil 
in this complex has the profile described as represent- 
ative of its series. 

Included with this complex in mapping are small 
areas of Vallers soils on rims around and between 
small depressions and Kittson and Towner soils on 
slight rises. 

Nearly all areas of this complex are used for culti- 
vated crops. The soils are suited to all crops commonly 
grown in the county. А small acreage is used for hay 
and pasture. In order to insure crop production each 


year, this soil needs drainage, especially in the small 
depressions. Water collects in these depressions in 
spring and after heavy rains. 

The main management needs are improving drain- 
age, maintaining fertility and tilth, and controlling 
erosion. Capability unit IIw-1; windbreak suitability 
group 3; recreation group 4; pasture and hayland 
group 

972— Roliss-Vallers complex (0 to 1 percent slopes). 
This mapping unit consists of nearly level soils on 
the lake plain. It is commonly associated with an inter- 
beach landseape in which soil material changes within 
short distances and relief is variable. Roliss loam and 
Vallers clay loam each makes up 40 to 60 percent of 
the complex. The Roliss loam is in slightly concave to 
nearly level areas, and the Vallers clay loam is in nearly 
level to slightly elevated areas around and between 
the slightly concave areas. The Vallers clay loam is 
calcareous. 

Included with these soils in mapping are small areas 
of Rockwell, Kittson variant, and Kittson soils. 

Most areas of this complex are used for crops. A 
few areas are used for hay and pasture. The soils need 
drainage to insure crop production each year. They 
are suited to all crops commonly grown in the county. 
Small grains are the most common crops, but row crops 
such as corn, soybeans, and sunflowers are also grown. 

The main management needs are improving drain- 
age and maintaining fertility and tilth. Capability 
unit IIw-2; Roliss part in windbreak suitability group 
8, Vallers part in windbreak suitability group 4; rec- 
reation group 4; pasture and hayland group 3. 


Rothsay Series 


The Rothsay series consists of well-drained, undu- 
lating soils that formed in calcareous silty material. 
These soils are free of stones. 

In a representative profile the surface layer is silt 
loam about 15 inches thick. The upper 8 inches is 
black, and the lower 7 inches is very dark grayish- 
brown. The subsoil is friable, dark-brown silt loam 
about 11 inches thick. The underlying material is silt 
loam. The upper 14 inches of this layer is yellowish- 
brown, and the lower part is light olive brown. 

Rothsay soils have high natural fertility, high 
organic-matter content, and very high available water 
capacity. Permeability is moderate. The surface layer 
is neutral. 

These soils can be worked easily and are suited to 
all crops commonly grown in the county. The hazard 
of soil blowing is severe in unprotected areas. 

Representative profile of Rothsay silt loam, 2 to 6 
percent slopes, 400 feet south and 200 feet west of 
the northeast corner of sec. 24, T. 130 N., R. 41 W.: 


Ар—0 to 8 inches, black (10YR 2/1) silt loam; weak, very 
fine, granular structure; friable; neutral; abrupt, 
smooth boundary. 

А1--8 to 15 inches, very dark grayish brown (10YR 3/2) 
silt loam; weak, very fine, granular structure; fri- 
able; neutral; gradual, wavy boundary. 

B2—15 to 26 inches, dark brown (10YR 4/3) silt loam; 
weak, fine, subangular мөн structure; friable; 
neutral; abrupt, wavy boundary. 

C1—26 to 40 inches, yellowish brown (10ҮЕ 5/4) silt loam; 
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structureless; friable; strong effervescence; mildly 
alkaline; gradual, wavy boundary. 

C2—40 to 60 inches, light olive brown (2.5Y 5/4) silt loam; 
common, fine, distinct, dark brown (7.5YR 3/2) 
mottles; structureless; friable; strong efferves- 
cence; mildly alkaline. 


Thickness of the solum ranges from 16 to 30 inches. 
Depth to free carbonates ranges from 14 to 28 inches. The 
A horizon is black, very dark gray, or very dark grayish 
brown. Reaction is neutral to mildly alkaline. The B hori- 
zon is dark grayish brown, brown, dark brown, grayish 
brown, and yellowish brown. Reaction is neutral to mildly 
alkaline. 


Rothsay soils are associated with Barnes soils. They have 
less sand and more silt throughout the profile than Barnes 
50118, 

290B—Rothsay silt loam, 2 to 6 percent slopes. This 
undulating soil is mainly in the vicinity of Pelican 
Lake. Areas range from 5 to 20 acres in size. 

Included with this soil in mapping are small areas 
of Barnes, Langhei, Flom, and Darnen soils. Also 
included are small areas of soils that are less sloping 
than this soil, small areas of soils that are more 
strongly sloping than this soil, and small areas of 
moderately eroded soils that appear brownish after 
plowing. 

This soil is used for cultivated crops, pasture, and 
woodland. It is suited to all crops commonly grown in 
the county. Small grains, corn, and soybeans are the 
main crops. Water runs off at a medium rate, and the 
hazard of erosion is moderate. 

The main management needs are controlling erosion 
and improving fertility and tilth. Capability unit Пе-1; 
windbreak suitability group 1; recreation group 1; 
pasture and hayland group 1. 


Sinai Series 


The Sinai series consists of moderately well drained 
and well drained, undulating to rolling soils that 
formed in ealeareous clayey glacial lacustrine ma- 

erial. 

In a representative profile the surface layer is black 
to very dark brown silty clay about 19 inches thick. 
The subsoil is firm, dark grayish-brown silty clay 
about 6 inches thick. The underlying material is silty 
clay. The upper 9 inches of this layer is olive brown, 
and the lower part is light olive brown. 

Sinai soils have high natural fertility, high organic- 
matter content, and moderate to high available water 
capacity. Permeability is slow to very slow. The sur- 
face layer is mildly alkaline. 

Sinai soils are difficult to work unless high content 
of organic matter is maintained and good management 
practices are used to prevent excessive compaction. 

Representative profile of Sinai silty clay, 1 to 6 
percent slopes, 185 feet north and 85 feet west of 
the southeast corner of sec. 36, T. 127 N., R. 42 W.: 

А1—0 to 16 inches, black (10YR 2/1) silty clay; moderate, 
fine, subangular blocky structure parting to mod- 
erate, fine, granular; friable; mildly alkaline; 
clear, wavy boundary. 

А3—16 to 19 inches, very dark brown (10YR 2/2) silty 
clay; moderate, fine, subangular blocky structure 
Parung vo mouerate, fine, granular; friable; mild- 
ly alkaline; clear, wavy boundary. 


B2—19 to 22 inches, dark grayish brown (10YR 4/2) silty 
clay; moderate, medium and coarse, prismatic 


structure parting to moderate, fine, subangular 

blocky; firm; neutral; gradual, wavy boundary. 
83—22 to 25 inches, dark grayish brown (2.5Y 4/2) silty 
clay; moderate, fine, subangular blocky structure; 
firm; neutral; abrupt, wavy boundary. 
to 34 inches, olive brown (2.5Y 4/4) silty clay; 
common, fine, distinct, yellowish brown (10YR 
5/6) mottles; structureless; firm; few yellowish 
red concretions of iron oxide and many gray (2.5Y 
5/1) concretions of lime; strong effervescence; 
mildly alkaline; clear, wavy boundary. 
to 60 inches, light olive brown (2.5Y 5/4) silty 
clay; common, fine, distinct, yellowish brown 
(10YR 5/6) mottles; structureless; firm; many 
yellowish red concretions of iron oxide and many 
gray (2.5Y 5/1) concretions of lime; strong effer- 
vescence; mildly alkaline. 


С1—25 


C2—34 


The A horizon is silty clay or silty clay loam 16 to 24 
inches thick. The B horizon is silty clay, clay, or silty clay 
loam. Tongues of material from the A horizon extend into 
the B horizon in some areas. Depth to the C horizon ranges 
from 17 to 30 inches. The C horizon is silty clay or silty 
clay loam. 

Sinai soils are associated with Langhei and Formdale 
soils. They have more clay in the profile than Langhei and 
Formdale soils. 


212B—Sinai silty clay, 1 to 6 percent slopes. This 
gently sloping and undulating soil is in glaciolacustrine 
areas. Slopes are fairly uniform and are 100 to 300 
feet long. This soil has the profile described as repre- 
sentative of the series. 

Included with this soil in mapping are small areas 
of soils that resemble Formdale soils and areas of soils 
that are lighter colored and are calcareous to the sur- 
face. Also included are small areas of soils that are 
more sloping than this soil, areas of moderately 
eroded soils, and areas of poorly drained and very 
poorly drained soils in small depressions and drain- 
ageways, some of which are indicated on the soil maps 
by spot symbols. 

Nearly all areas of this soil are used for cultivated 
erops. А small acreage is in pasture. This soil is suited 
to all crops commonly grown in the county. Water 
runs off at а medium rate, and the hazard of erosion 
is moderate. This soil is sticky when wet and hard 
when dry. 

The main management needs are controlling erosion 
and improving fertility and tilth. Capability unit IIe-1; 
windbreak suitability group 1; recreation group 2; pas- 
ture and hayland group 1. 

212C—Sinai silty clay, 6 to 12 percent slopes. This 
sloping and rolling soil is in areas along waterways and 
around depressions. Slopes are fairly long and uniform, 
and many are in one direction. They are 100 to 250 
feet long. This soil has a thinner solum than the one 
described as representative of the series. 

Included with this soil in mapping are small areas 
of soils that resemble Formdale soils and small areas 
of poorly drained and very poorly drained soils in 
drainageways and depressions, some of which are in- 
dicated on the soil maps by spot symbols. Also in- 
cluded are small areas of soils that are less sloping 
than this soil and small areas of soils that are more 
strongly sloping than this soil. Another included soil, 
on the upper, convex part of the slope, is calcareous 
to the surface and lighter colored than this soil. A 
few mapped areas are as much as 40 percent of this 
included caleareous soil. 
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This soil is used for cultivated crops and pasture. 
It is suited to all crops commonly grown in the county. 
Water runs off at a medium to rapid rate, and the 
hazard of erosion is moderate. This soil is sticky when 
wet and hard when dry. 

The main management needs are controlling erosion 
and improving fertility and tilth. Capability unit Ше- 
1; windbreak suitability group 1; recreation group 2; 
pasture and hayland group 1. 


Sioux Series 


The Sioux series consists of excessively drained, 
nearly level to steep soils that are very shallow over 
calcareous gravelly outwash. 

In a representative profile the surface layer is black 
loamy coarse sand about 9 inches thick. The underlying 
material is dark yellowish-brown, yellowish-brown, 
and pale-brown gravelly coarse sand. 

Sioux soils have low natural fertility, low organic- 
matter content, and very low available water capacity. 
Permeability is rapid. The surface layer is mildly 
alkaline. 

These soils are droughty and are poorly suited to 
crops. Sioux soils are a good source of sand and gravel. 

Representative profile of Sioux loamy coarse sand, 
6 to 12 percent slopes, 630 feet west and 1,025 feet 
оү of the southeast corner of sec. 1, T. 129 N., R. 


Ар—0 to 9 inches, black (10YR 2/1) loamy coarse sand; 
single grained; friable; many roots; slight effer- 
vescence; mildly alkaline; abrupt, smooth bound- 


ary. 

C—9 to 60 inches, dark yellowish-brown (10YR 4/4), 
yellowish-brown (10YR 5/4), and pale-brown 
(10YR 6/3) gravelly coarse sand; single grained; 
loose; few roots; limy coatings on undersides of 
pebbles in upper part; strong effervescence; mild- 
ly alkaline, 


The A horizon generally is loamy coarse sand, gravelly 
loamy coarse sand, or loamy sand, but it is sandy loam in 
places. It is 7 to 12 inches thick. The C horizon is caleareous 
gravelly coarse sand, stratified coarse sand, or sand and 
gravel. 

Sioux soils in this county are outside the defined range 
of the series because they have a thinner or coarser tex- 
tured A horizon. This difference does not affect their use 
and management. 


Sioux soils are associated with Arvilla soils. They are 
shallower to gravelly coarse sand than Arvilla soils. 


402D—Sioux gravelly loamy coarse sand, 12 to 35 
percent slopes. This hilly to steep soil is along drain- 
ageways and streams and around depressions. Most 
areas are escarpments on outwash terraces. The profile 
of this soil differs from the one described as repre- 
sentative of the series by having a surface layer of 
gravelly loamy coarse sand. 

Included with this soil in mapping are small areas 
of Sioux loamy coarse sand and Arvilla soils. Also in- 
cluded are small areas of soils that have lesser and 
greater slopes than this soil and areas of sandy soil. 

Most areas of this soil are in grass. The soil is too 
steep and droughty for cultivated crops. Production 
of grass is low. The hazard of erosion is severe. 

The main management need is controlling erosion 
and moisture. Capability unit VIIs-1; windbreak suit- 


ability group 6; recreation group 3; pasture and hay- 
land group 8. 


402B—Sioux loamy coarse sand, 0 to 6 percent 
slopes. This nearly level and undulating soil is on 
beach ridges, outwash terraces, and uplands. It borders 
outwash areas of Arvilla and Fordville soils. The pro- 
file of this soil is slightly deeper to gravelly coarse 
sand than the profile described as representative of 
the series. The surface layer is sandy loam in some 
areas. 

Included with this soil in mapping are small areas 
of Sioux gravelly loamy coarse sand and Arvilla soils. 
Also included are small areas of soils that have steeper 
slopes than this soil and areas of sandy soils. 

This soil is used for eultivated crops, pasture, and 
hayland. It is poorly suited to the crops commonly 
grown in the county because of the severe hazard of 
drought. 

The main management needs are controlling erosion 
and conserving moisture. Capability unit IVs-1; wind- 
break suitability group 6; recreation group 3; pasture 
and hayland group 7. 


402C—Sioux loamy coarse sand, 6 to 12 percent 
Slopes. This rolling soil is on stream terraces and up- 
lands among areas of Arvilla and Barnes soils. It also 
is along drainageways and around depressions. This 
soil has the profile described as representative of the 
series. 

Included with this soil in mapping are small areas 
of Sioux gravelly loamy coarse sand and Arvilla soils. 
Also included are areas of soils that have lesser and 
greater slopes than this soil and areas of sandy soils. 

This soil is used for cultivated crops, pasture, and 
hay. It is poorly suited to the crops commonly grown in 
the county because of the severe hazard of drought. 

The main management needs are controlling erosion 
and conserving moisture. Capability unit IVs-1; wind- 
break suitability group 6; recreation group 3; pasture 
and hayland group 7. 


Svea Series 


The Svea series consists of moderately well drained, 
nearly level soils that formed in loamy glacial till. 

In a representative profile the surface layer is black 
loam about 15 inches thick. The subsoil is friable 
loam about 9 inches thick. The upper part is very dark 
brown, and the lower part is dark brown. The under- 
lying material is loam. The upper 16 inches of this 
layer is brown and pale brown, and the lower part is 
light olive brown. 

Svea soils have high natural fertility, high organic- 
matter content, and high available water capacity. 
Permeability is moderate in the upper part and mod- 
erately slow in the underlying material. The surface 
layer is neutral. 

These soils are used mainly for cultivated crops. 
Svea soils are suited to all erops commonly grown in 
the county. 

Representative profile of Svea loam, 1 to 3 percent 
slopes, 2,200 feet east and 850 feet north of the south- 
east corner of sec. 4, T. 127 N., R. A1 W.: 
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А11—0 to 10 inches, black (10YR 2/1) loam; weak, very 
fine, subangular blocky structure; friable; neutral; 
gradual, smooth boundary. 

to 15 inches, black (10YR 2/1) loam, very dark 

brown (10YR 2/2) rubbed; weak, very fine, sub- 

angular blocky structure; friable; neutral; grad- 
ual, smooth boundary. 

B21—15 to 18 inches, very dark brown (10YR 2/2) loam; 

moderate, medium, prismatic structure parting to 

weak, fine, subangular blocky; friable; neutral; 
gradual, irregular boundary. 

to 24 inches, dark brown (10YR 4/3) loam; weak, 

fine, subangular blocky structure; friable; about 

1 percent coarse fragments; neutral; clear, wavy 

boundary. 

Clea—24 to 32 inches, brown (10YR 5/3) loam, pale brown 
(10YR 6/3) when rubbed; weak, fine, subangular 
blocky structure; friable; about 3 percent coarse 
fragments; violent effervescence; moderately alka- 
line; clear, wavy boundary. 

C2ca—32 to 40 inches, pale brown (10YR 6/3) loam; many, 
fine, distinct, yellowish brown (10YR 5/8) and 
light olive gray (5Y 6/2) mottles; weak, fine, sub- 
angular blocky structure; friable; about 3 рег- 
cent coarse fragments; violent effervescence; mod- 
erately alkaline; gradual, wavy boundary. 

C3—40 to 60 inches, light olive brown (2.5Y 5/4) loam; 
many, fine, prominent, yellowish brown (10YR 
5/8) and light olive gray (5Y 6/2) mottles; weak, 
fine, subangular blocky structure; friable; about 
3 percent coarse fragments; violent effervescence; 
mildly alkaline. 

Depth to free lime ranges from about 18 to 30 inches. 
The combined thickness of the A horizons ranges from 12 
to 20 inches. The A horizon is loam or silt loam. The B 
horizon is 6 to 15 inches thick. It is brown, dark brown, 
dark grayish brown, or olive brown. 

Svea soils are associated with Barnes and Flom soils. 
They are slightly wetter and have a thicker solum than 
Barnes soils and are better drained than Flom soils. 


70—Svea loam, 1 to 3 percent slopes. This nearly 
level to gently sloping soil is on morainic uplands 
and till plains. Areas are irregularly shaped and are 
among areas of Barnes soils and adjacent to but at 
slightly higher elevations than areas of Flom soils. 
This soil has the profile described as representative 
of the series. 

Included with this soil in mapping are small areas 
of the calcareous Hamerly and Vallers soils and small 
areas of Flom, Barnes, and Darnen, soils. Also in- 
cluded are small areas of soils that have a solum less 
than 16 inches thick. 

This soil is productive and has a few limitations. It 
is suited to all erops commonly grown in the county. 
Most areas are cultivated. 

The main management need is maintaining fertility 
and tilth. Capability unit I-1; windbreak suitability 
group 1; recreation group 1; pasture and hayland 
group 1. 


962—Svea-Hamerly loams, 1 to 3 percent slopes. 
This mapping unit consists of nearly level soils on 
till plains and morainie uplands. It is among areas 
of Barnes and Svea soils. The Svea and Hamerly 
soils each makes up 40 to 60 percent of the complex. 
The Hamerly soil in this complex has a loam profile 
rather than the clay loam profile described as repre- 
sentative of the Hamerly series. 

Included with these soils in mapping are small areas 
of Vallers soils on rims around depressions, Barnes 
soils on rises, Flom soils in drainageways, and Parnell 
soils in depressions. 


А12--10 


822—18 


These soils are used for cultivated crops. They аге 
suited to all erops commonly grown in the county. 
Excess lime near the surface of the Hamerly soil 
causes a nutrient imbalance that can be improved with 
fertilization. 8 

The main management need is improving fertility, 
tilth, and drainage. Capability unit IIs-2; Svea part 
in windbreak suitability group 1, Hamerly part in 
windbreak suitability group 2; recreation group 1; pas- 
ture and hayland group 1. 


Sverdrup Series 


The Sverdrup series consists of somewhat excessively 
drained, undulating soils that formed in loamy ma- 
terial underlain by sand. 

In a representative profile the surface layer is very 
dark brown sandy loam about 10 inches thick. The 
subsoil is about 14 inches thick. The upper 5 inches 
of this layer is dark yellowish-brown, friable sandy 
loam, and the lower 9 inches is dark yellowish-brown, 
friable loamy sand. The underlying material is sand. 
The upper 4 inches is dark yellowish brown, and the 
lower part is grayish brown. 

Sverdrup soils have medium natural fertility, mod- 
erate organic-matter content, and low available water 
capacity. Permeability is moderately rapid. The sur- 
face layer is neutral. 

Because Sverdrup soils are droughty, they are better 
suited to crops that mature earlier and have lower 
moisture requirements than other crops. 

Representative profile of Sverdrup sandy loam, 2 
to 6 percent slopes, 1,130 feet north and 1,200 feet 
Ne of the southeast corner of sec. 9, T. 130 N., R. 

1 W.: 


Ар—0 to 10 inehes, very dark brown (10YR 2/2) sandy 
loam; weak, fine, granular structure; friable; neu- 
tral; abrupt, smooth boundary. 

B21—10 to 15 inches, dark yellowish brown (10YR 4/4) 
sandy loam; weak, fine and medium, subangular 
blocky structure; friable; neutral; abrupt, wavy 
boundary. 

B22—15 to 24 inches, dark yellowish brown (10YR 4/4) 
loamy sand; weak, medium, subangular blocky 
Structure; friable; neutral; gradual, wavy bound- 


ary. 

IIC1—24 to 28 inches, dark yellowish brown (10YR 4/4) 
sand; single grained; loose; neutral; abrupt, wavy 
boundary. 

IIC2— 28 to 60 inches, grayish brown (10YR 5/2) sand; 
single grained; loose; strong effervescence; mildly 
alkaline. 


Thickness of the solum ranges from 20 to 30 inches. 
Depth to free carbonates generally ranges from 24 to 36 
inches, but the extreme range is 15 to 40 inches, The A 
horizon is black, very dark brown, and very dark gray. It 
generally is sandy loam, but it is loam in places. The А 
horizon is 8 to 16 inches thick. The B horizon is dark 
brown, yellowish brown, or dark yellowish brown. The C 
horizon is sand or fine sand. 

Sverdrup soils are associated with Maddock and Arvilla 
Soils. They are underlain by fine sand or sand, and Arvilla 
Soils are underlain by gravelly coarse sand. They have a 
finer textured and thicker solum than Maddock soils. 


127B—Sverdrup sandy loam, 2 to 6 percent slopes. 
This undulating soil is on outwash terraces and up- 
lands. Areas are generally mixed or associated with 
areas of upland till or other outwash soils. Some areas 
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are in isolated upland areas of sandy outwash that 
have complex slopes. 

Included with this soil in mapping are small areas 
of Maddock, Arvilla, and Sioux soils. Also included 
are small areas of more sloping soils. 

Nearly all areas of this soil are used for cultivated 
crops. А few areas are in pasture. This soil is suited 
to all crops commonly grown in the county. It is better 
suited to early-maturing crops than to other crops 
because of the hazard of drought. In most areas this 
soil is suited to irrigation of field and vegetable crops. 

The main management needs are controlling erosion, 
conserving moisture, and maintaining fertility. Capa- 
bility unit IIIs-2; windbreak suitability group 5; rec- 
reation group 1; pasture and hayland group 7. 


Towner Series 


The Towner series consists of moderately well 
drained, nearly level soils that formed in stratified 
loamy and sandy material underlain by loamy glacial 
till. 

In a representative profile the surface layer is black 
fine sandy loam about 9 inches thick. The subsoil is 
about 17 inches thick. The upper 9 inches is very fri- 
able, very dark grayish-brown loamy fine sand, and 
the lower 8 inches is light olive-brown, loose loamy 
fine sand. The upper 10 inches of the underlying ma- 
terial is light brownish-gray loam, the next 8 inches 
is gray loam, and the lower part is light olive-brown 
clay loam. 

Towner soils have medium natura] fertility, mod- 
erate to high organic-matter content, and moderate to 
high available water capacity. Permeability is mod- 
erately rapid in the upper part and moderately slow 
in the underlying material. The surface layer is neu- 
tral. 

Most areas of these soils are used for crops. Towner 
soils have a moderate to severe hazard of drought. 

Representative profile of Towner fine sandy loam, 0 
to 2 percent slopes, 1,950 feet east and 250 feet south 
of the northwest corner of sec. 15, Т. 128 N., R. 44 W.: 


Ар—0 to 9 inches, black (10YR 2/1) fine sandy loam; 
weak, very fine, granular structure; friable; many 
roots; neutral; abrupt, smooth boundary. 

B21—9 to 18 inches, very dark grayish brown (10YR 3/2) 
loamy fine sand; single grained; very friable; 
slight effervescence; mildly alkaline; gradual, 
wavy boundary. 

B22—18 to 26 inches, light olive brown (2.5Y 5/4) loamy 
fine sand; single grained; loose; slight efferves- 
cence; mildly alkaline; abrupt, wavy boundary. 

IIC1—26 to 36 inches, light brownish gray (2.5Y 6/2) 
loam; few, fine, distinct, yellowish-brown (10YR 
5/6) mottles; few light-gray (10YR 7/1) spots of 
lime; weak, fine, subangular blocky structure; 
friable; about 5 percent coarse fragments; strong 
effervescence; mildly alkaline; gradual, wavy 
boundary. 

IIC2—36 to 44 inches, gray (БҮ 5/1) loam; common, fine, 
prominent, strong brown (7.5YR 5/6) mottles; 
weak, fine, subangular blocky structure; friable; 
about 5 percent coarse fragments; strong effer- 
vescence; mildly alkaline; gradual, wavy bound- 


ary. 

ПС3--44 to 60 inches, light olive brown (2.5Y 5/4) clay 
loam; few, fine, distinct, yellowish brown (10YR 
5/6) mottles and common, medium, distinct, gray 
(БУ 5/1) mottles; structureless; firm; “about 5 


percent coarse fragments; strong effervescence; 
mildly alkaline. 


Thickness of the solum ranges from 20 to 40 inches. The 
A horizon is black or very dark gray. It is sandy loam, 
fine sandy loam, loamy sand, or loamy fine sand. The B 
horizon is dark grayish brown, very dark grayish brown, 
grayish brown, olive brown, or light olive brown. It is fine 
sandy loam or loamy fine sand. The ПС horizon generally 
is elay loam, but it is silty clay loam and loam in places. 
Towner soils are associated with Grimstad and Kittson 
soils. They have less silt and clay in the A horizon than 
Kittson soils. They have a noncalcareous A horizon, and 
Grimstad soils have a caleareous A horizon. 
330—Towner fine sandy loam, 0 to 2 percent slopes. 
This nearly level soil is on slightly uneven landscapes 
that have alternate concave and convex areas. Some 
areas are elongated and are slightly higher than the 
surrounding landscape. A few areas are calcareous to 
the surface, and a few areas have a surface layer of 
loamy fine sand. 

Included with this soil in mapping are small areas 
of Hecla and Grimstad soils. Also included are areas of 
soils that have a dark-colored A horizon less than 16 
inches thick. 

In most areas this soil is used for cultivated crops. 
Small grains are the most common crops, but row 
crops such as corn, soybeans, and sunflowers are also 
grown. A few areas are used for hay and pasture. This 
soil is subject to soil blowing if left unprotected during 
winter and early spring. 

The main management needs are controlling ero- 
sion, conserving moisture, and improving fertility. 
Capability unit HIs-3; windbreak suitability group 5; 
recreation group 1; pasture and hayland group 1. 


Ulen Series 


The Ulen series consists of somewhat poorly drained 
and moderately well drained, calcareous, nearly level 
soils that formed in calcareous sandy material. 

In a representative profile the surface layer is very 
dark gray loamy fine sand about 16 inches thick. The 
subsoil is loose, grayish-brown fine sand about 6 inches 
s 'The underlying material is brownish-yellow fine 
sand. 

Ulen soils have low natural fertility, low available 
water capacity, and moderate organie-matter content. 
Permeability is rapid. The surface layer is moderately 
alkaline. 

Because these soils are droughty, they are better 
suited to crops that mature earlier and have lower 
moisture requirements than other crops. Some areas 
of Ulen soils are in pasture. 

Representative profile of Ulen loamy fine sand, 0 
to 2 percent slopes, 2,600 feet west and 210 feet south 
of the northeast corner of sec. 14, T. 128 N., R. 44 W.: 


Ар—0 to 9 inches, very dark gray (10YR 3/1) loamy fine 
sand; weak, very fine, granular structure; friable; 
Strong effervescence; moderately alkaline; abrupt, 
smooth boundary. 

АЗса--9 to 16 inches, very dark gray (10YR 3/1) loamy 
fine sand; weak, very fine, granular structure; 
friable; violent effervescence; mildly alkaline; 
clear, wavy boundary. 

B2ca—16 to 22 inches, grayish brown (2.5Y 5/2) fine sand; 
single grained; loose; violent effervescence; mod- 
erately alkaline; gradual, wavy boundary. 

C—22 to 60 inches, brownish yellow (10YR 6/8) fine sand; 
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few, fine, distinct, gray (БУ 5/1) mottles; single 
grained; loose; slight effervescence; mildly alka- 
ine, 

The A horizon is black, dark gray, very dark gray, very 
dark brown, or very dark grayish brown. It typically is 
fine sandy loam or loamy fine sand, but it is very fine 
sandy loam and loamy very fine sand in places. The B2ca 
horizon is fine sand or loamy fine sand. The C horizon is 
fine sand, but it is sand, loamy sand, and loamy fine sand 
in places, 


Ulen soils are associated with Grimstad, Arveson, and 
Hecla soils. Ulen soils do not have a fine-textured IIC 
horizon above a depth of 40 inches, and Grimstad soils do. 
They are better drained than Arveson soils, They have a 
caleareous A horizon, and Hecla soils do not. 

64—Ulen loamy fine sand, 0 to 2 percent slopes. 
This nearly level soil is in lake basins and on ground 
moraines adjacent to beach ridges. The topography is 
slightly convex and has alternate higher and lower 
areas. 

Included with this soil in mapping are small areas 
of Grimstad, Arveson, and Hecla soils. Also included 
are small areas of soils that have a surface layer of 
fine sandy loam. 

In most areas this soil is used for crops. In a few 
areas it is used for hay and pasture. Small grains are 
the most common crops, but row crops such as corn, 
soybeans, and sunflowers are also grown. This soil is 
subject to soil blowing if left unprotected during win- 
ter and early spring. It has a moderate hazard of 
drought. | 

Тће main management needs are controlling erosion, 
conserving moisture, and improving fertility. Capa- 
bility unit IIIs-4; windbreak suitability group 2; rec- 
reation group 3; pasture and hayland group 7. 


Urness Series 


The Urness series consists of very poorly drained, 
calcareous, nearly level soils that formed in silty post- 
glacial lake sediment. 

Ina representative profile the surface layer is about 
41 inches thick. The upper 28 inches is black mucky 
silt loam, and the lower 19 inches is black silty clay 
loam. The underlying material is very dark gray silty 
clay loam. 

_Urness soils have medium natural fertility, very 
high organic-matter content, and very high available 
water capacity. Permeability is moderately slow. The 
surface layer is moderately alkaline. 

If adequate drainage is used, Urness soils are suited 
to all crops commonly grown in the county. Undrained 
areas can provide good habitat for wetland wildlife. 

Representative profile of Urness mucky silt loam, 
1,200 feet south and 200 feet west of the northeast 
corner of sec. 2, T. 180 N., R. 43 W.: 

Leop—0 to 8 inches, black (10YR 2/1) mucky silt loam; 
weak, very fine, granular structure; strong effer- 
vescence; moderately alkaline; abrupt, smooth 
boundary. 

Lco2—8 to 18 inches, Маск (10YR 2/1) mucky silt loam; 
few, fine, distinct, dark brown (7.5YR 3/2) mot- 
tles; weak, very fine, granular structure; friable; 
2 to 3 percent snail shells; moderately alkaline; 
gradual, wavy boundary. 

Leo3—18 to 28 inches, Маек (М 2/0) mucky silt loam; 
weak, fine, subangular blocky structure; friable; 2 
to 3 percent snail shells; slight effervescence; 
mildly alkaline; abrupt, wavy boundary. 


Lco4—28 to 47 inches, black (N 2/0) silty clay loam; 
structureless; friable; 2 to 3 percent snail shells; 
slight effervescence; mildly alkaline; abrupt, wavy 
boundary. . 

IIC—47 to 60 inches, very dark gray (5Y 3/1) silty clay 
loam; structureless; sticky; strong effervescence; 
mildly alkaline. 

The Lco horizon is generally black, but it is very dark 
gray in places. It is silty clay loam or silt loam and con- 
tains 10 to 30 percent organic matter, It is 30 to 60 inches 
or more thick. Coarse fragments consisting almost entirely 
of snail shells make up 1 to 20 percent of the Lco horizon. 
The IIC horizon is clay loam, silty clay loam, or loam. 

Urness soils are similar to Quam and Parnell soils. They 
have a higher organic-matter content than these soils. 
They also contain free lime throughout and numerous frag- 
ments of snail shells throughout the solum, unlike Quam 
and Parnell soils. 

335-—Urness mucky silt loam (0 to 2 percent Slopes) . 
This nearly level soil is on old lake beds and in large 
depressions. Areas are circular or oblong. Some are 
quite large. 2 . 

Included with this soil in mapping are small areas 
of Oldham, Quam, and Vallers soils. Also included are 
small areas of soils that have a mucky surface layer. 

If undrained, this soil is covered with marsh vegeta- 
tion of sedges, reeds, rushes, and willows. Undrained 
areas provide habitat for wetland wildlife. If ade- 
quately drained, the soil is suited to all crops commonly 
grown in the county. Small grains, however, tend to 
lodge, and corn and soybeans often do not reach ma- 
turity because of early frost. Corn for silage is well 
suited to this soil. 2 . 

Тће main management needs are maintaining drain- 
age and fertility and controlling soil blowing. Capa- 
bility unit IIIw-1; windbreak suitability group 7; rec- 
reation group 4; pasture and hayland group 6. 


Vallers Series 


The Vallers series consists of poorly drained, nearly 
level soils that formed in calcareous loamy glacial till. 

In a representative profile the surface layer is black 
clay loam about 14 inches thiek. The underlying ma- 
terial is grayish brown. The upper 11 inches is clay 
loam, and the lower part is loam. . 

Vallers soils have high organic-matter content, high 
available water capacity, and medium natural fertility. 
Permeability is moderately slow. The surface layer is 
moderately alkaline. 22 

ТЕ proper management practices, fertilization, and 
drainage are used, Vallers soils are suited to all crops 
commonly grown in the county. 

Representative profile of Vallers clay loam, 190 feet 
south and 200 feet west of the northeast corner of sec. 
16, T. 128 N., R. 48 W.: 

Ар—0 to 8 inches, black (10YR 2/1) clay loam; weak, fine, 
subangular blocky structure; very friable; strong 
effervescence; moderately alkaline; abrupt, smooth 
boundary. 

Algca——8 to 14 inches, black (10YR 2/1) mixed with some 
grayish brown (2.5Y 5/2) clay loam; very dark 
gray (10YR 3/1) when rubbed; weak, fine, sub- 
angular blocky structure; very friable; violent 
effervescence; moderately alkaline; clear, wavy 
boundary. 

Clgca—14 to 25 inches, grayish brown (2.5Y 5/2) clay 
loam; many, fine, faint, olive yellow (2.5Y 6/6) 
mottles; weak, fine, subangular bloeky structure; 
friable; about 2 percent coarse fragments; common 
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concretions of lime; violent effervescence; moder- 
ately alkaline; clear, wavy boundary. 

C2g—25 to 33 inches, grayish brown (2.5Y 5/2) loam; 
many, medium, faint, olive yellow (2.5Y 6/6) mot- 
tles; massive; friable; about 3 percent coarse 
fragments; strong effervescence; mildly alkaline; 
clear, wavy boundary. 

C3g—33 to 50 inches, grayish brown (2.5Y 5/2) loam: 
many, medium, distinct, yellowish brown (10YR 
5/6) mottles; massive; friable; about 3 percent 
coarse fragments; few concretions of lime; strong 
effervescence; mildly alkaline. 


The A horizon typically is clay loam or silty clay loam, 
but it is silt loam and loam in places. It is 8 to 16 inches 
thick. In some profiles, the lower part of the A horizon is 
mottled. The C horizon is dark gray, gray, light brownish 
gray, grayish brown, dark grayish brown, olive, gray, or 
light olive gray. Mottles range from few and faint to many 
and prominent. In some profiles, the C horizon contains 
masses of gypsum crystals. Below a depth of 20 inches, the 
C horizon is friable or firm. A firm subsoil phase of the 


Vallers series is recognized in the western part of the 
county. 

Vallers soils are associated with Aazdahl, Svea, Flom, 
Quam, and Parnell soils. They are more poorly drained 
than Aazdahl and Svea soils. They have a calcareous A ho- 
rizon, unlike any of these soils. 


236—Vallers clay loam (0 to 2 percent slopes). This 
nearly level soil is on till plains and morainic uplands. 
Areas are 5 to 80 acres in size. The topography consists 
of shallow swales, drainageways, and low, nearly level 
areas. Some areas are on the rims of very poorly 
drained potholes, and others occur as nearly level flats 
that have small depressions. This soil has the profile 
described as representative of the series. In some areas 
the soil has gravelly bands, in other areas it has less 
mottling, and in a few areas it lacks the distinct ho- 
rizon of lime accumulation. 

Included with this soil in mapping are small areas 
of Hamerly, Flom, and Parnell soils. Also included are 
areas of soils that have a surface layer and subsoil 
of silt loam more than 24 inches thick. 

If adequately drained, this soil is suited to all crops 
commonly grown in the county. Drainage can be im- 
proved by open ditches or tiles. High lime conditions 
result in a nutrient imbalance that can be improved 
by proper fertilization. 

The main management need is improving drainage, 
fertility, and tilth. Capability unit IIw-2; windbreak 
suitability group 4; recreation group 4; pasture and 
hayland group 8. 

419—Vallers clay loam, firm subsoil (0 to 2 percent 
slopes). This nearly level soil is in the lake basin. 
Areas are as large as 100 acres. The landscape consists 
of shallow swales, depressions, and nearly level, slightly 
higher areas. The profile of this soil differs from the 
one described as representative of the series by having 
firm till at а depth of 20 to 40 inches. In a few areas 
this soil is high in soluble salts. These areas can be 
recognized during the growing season by very stunted 
стор growth. One of these areas is in sections 27 and 
28 of Lawrence Township. 

Included with this soil in mapping are small areas 
of Roliss, Rockwell, and Kittson soils. Also included 
are small areas of very poorly drained soils in depres- 
sions. 

If adequate drainage is used, most areas of this 
soi] can be used for cultivated crops. Small grains are 


the most common crops, but row crops such as corn, 
soybeans, and sunflowers are also grown. A few areas 
are in grass or used for pasture. The high lime condi- 
tion causes an imbalance of nutrients that can be 
improved with proper fertilization. 

The main management need is improving fertility, 
drainage, and tilth. Capability unit IIw-2; windbreak 
suitability group 4; recreation group 4; pasture and 
hayland group 3. 


Waukon Series 


The Waukon series consists of well-drained, undu- 
lating to steep soils that formed in calcareous loamy 
glacial till. 

In a representative profile the surface layer is very 
dark brown loam about 6 inches thick. The subsurface 
layer is dark grayish-brown loam about 3 inches thick. 
The subsoil is friable clay loam about 18 inches thick. 
The upper 18 inches is dark brown, and the lower 5 
inches is olive brown. The underlying material is light 
olive-brown loam. 

Waukon soils have high natural fertility, high avail- 
able water capacity, and moderate organic-matter 
content. Permeability is moderate. The surface layer 
is neutral. 

Waukon soils are used for crops, pasture, and wood- 
land. 

Representative profile of Waukon loam, 12 to 24 
percent slopes, 1,200 feet west and 8,050 feet north of 
the southeast corner of sec. 6, T. 129 N., R. 41 W.: 


А1--0 to 6 inches, very dark brown (10YR 2/2) loam; mod- 
erate, very fine, subangular blocky structure; very 
friable; neutral; abrupt, wavy boundary. 

A2—6 to 9 inches, dark grayish brown (10YR 4/2) loam; 
weak, thin, platy structure parting to weak, very 
fine, granular; very friable; neutral; clear, wavy 
boundary. 

B1—9 to 15 inches, dark brown (10YR 4/8) clay loam; 
moderate, fine, subangular blocky structure; fri- 
able; neutral; gradual, wavy boundary. 

B2t—15 to 22 inches, dark brown (10YR 4/3) clay loam; 
moderate, fine and very fine, subangular blocky 
structure; friable; many thick, very dark grayish 
brown (10YR 3/2) clay films on faces of peds; 
about 5 percent coarse fragments; neutral; grad- 
ual, wavy boundary. 

B3t—22 to 27 inches, olive brown (2.5Y 4/4) clay loam; 
moderate, very fine, subangular blocky structure; 
friable; few very dark brown (10YR 2/2) clay 
films in old root channels; about 5 percent coarse 
fragments; neutral; clear, wavy boundary. 

C—27 to 60 inches, light olive brown (2.5Y 5/4) loam; 
massive; friable; few, medium, distinct, gray (N 
6/0) concretions of lime and few strong brown 
concretions of iron; about 3 percent coarse frag- 
ments; strong effervescence; mildly alkaline. 


Thickness of the solum ranges from 18 to 40 inches. 
Depth to free carbonates ranges from 18 to 86 inches. The 
A horizon generally is dark grayish brown, very dark 
brown, or very dark gray, but in places it is black. It is 
generally loam, but it is sandy loam in places. The A2 hori- 
zon commonly has no cultivated areas. The B horizon is 
brown, olive brown, dark brown, dark yellowish brown, or 
yellowish brown. It is clay loam or sandy clay loam, and 
contains clay films that range from thin and patchy to thick 
and continuous. The C horizon is loam, sandy loam, or clay 
oam. 

Waukon soils are associated with Flom and Quam soils. 
They are better drained than these soils. 


36 SOIL SURVEY 


38C—Waukon loam, 4 to 12 percent slopes. This 
undulating to rolling soil is on upland moraines. Areas 
vary in size. Most have complex, choppy topography. 
The slopes are 50 to 200 feet long. The profile of this 
soil is similar to the one described as representative 
of the series, but its solum is thicker. In some culti- 
vated areas the soils have lost a portion of the surface 
layer through erosion. 

Included with this soil in mapping are small areas 
of Langhei, Barnes, Darnen, Flom, Parnell, and Quam 
solls. Also included are small areas of soils that are 
less sloping than this soil, areas of soils that are more 
PRE than this soil, sandy spots, and areas of eroded 
soils. 

This soil is used for cultivated crops, pasture, and 
woodland. It is suited to all crops commonly grown in 
the county. Water runs off at a medium to rapid rate, 
and the hazard of erosion is moderately severe. 

The main management need is controlling erosion, 
improving fertility and tilth, and conserving moisture. 
Capability unit ІПе-1; windbreak suitability group 1; 
recreation group 1; pasture and hayland group 1. 

38D—Waukon loam, 12 to 24 percent slopes. This 
hilly soil is on upland moraines along draws and water- 
ways and around marshes and sloughs. Areas vary in 
size and shape. The slopes are irregular and are com- 
monly dissected by draws. They are 100 to 200 feet 
long. This soil has the profile described as representa- 
tive of the series. 

Included with this soil in mapping are small areas of 
Langhei, Flom, and Darnen soils. 

This soil is used for crops, woodland, and pasture. 
Except for some steep areas, it is suited to all crops 
commonly grown in the county. Water runs off at a 
rapid to very rapid rate, and the hazard of erosion is 
Severe to very severe. 

The main management needs are controlling erosion 
and conserving moisture. Capability unit IVe-1; wind- 
break suitability group 1; recreation group 1; pasture 
and hayland group 1. 


Wheatville Series 


The Wheatville series consists of somewhat poorly 
drained and moderately well drained, nearly level, cal- 
careous soils in lake basins. These soils formed in 
loamy material over sandy material underlain by 
clayey material. 

In a representative profile the surface layer is black 
very fine sandy loam about 18 inches thick. The under- 
lying material is stratified. The upper 7 inches of this 
layer is light brownish-gray and grayish-brown very 
fine sandy loam, the next 9 inches is light olive-brown 
У very fine sand, and the lower part is gray silty 
clay. 

Wheatville soils have medium natural fertility, high 
organic-matter content, and moderate to high available 
water capacity. Permeability is moderately rapid in 
the loamy material and slow in the clayey material. 
The surface layer is moderately alkaline. 

Nearly all areas of these soils are cultivated. Wheat- 
ville soils are suited to all crops commonly grown in 
the county. 

Representative profile of Wheatville very fine sandy 


loam, 0 to 2 percent slopes, 2,600 feet north and 850 
feet west of the southeast corner of sec. 18, T. 129 N., 
R. 44 W.: 


Ар--0 to 7 inches, black (10YR 2/1) very fine sandy loam; 
weak, fine, granular structure; friable; few 
threads of gypsum; strong effervescence; moder- 
ately alkaline; abrupt, smooth boundary. 

А12са—7 to 13 inches, black (10YR 2/1) very fine sandy 
loam; weak, fine, granular ‘structure; friable; 
strong effervescence; moderately alkaline; gradual, 
wavy boundary. 

C1ca—13 to 17 inches, light brownish gray (2.5Y 6/2) very 
fine sandy loam; structureless; friable; violent 
effervescence; moderately alkaline; clear, wavy 
boundary. 

C2ca—17 to 20 inches, grayish brown (2.5Y 5/2) very fine 
sandy loam; structureless; friable; strong effer- 
vescence; moderately alkaline; gradual, wavy 
boundary. 

C3—20 to 29 inches, light olive brown (2.5Y 5/4) loamy 
very fine sand; common, fine, distinct, yellowish 
brown (10YR 5/6) mottles; single grained; loose; 
slight effervescence; mildly alkaline; abrupt, wavy 
boundary. 

I1C4—29 to 60 inches, gray (БҮ 5/1) silty clay; common, 
fine, prominent, yellowish brown (10YR 5/6) and 
dark brown (7.5YR 3/2) mottles; weak, fine, sub- 
angular blocky structure; firm; few gypsum crys- 
tals; strong effervescence; mildly alkaline. 


The A horizon is black or very dark gray. It generally is 
very fine sandy loam, but it is loam or silt loam in places. 
The Cea horizons are dark gray, grayish brown, dark gray- 
ish brown, gray, and light brownish gray. They generally 
are very fine sandy loam or loamy very fine sand. Faint 
mottles are in some profiles, but no distinet mottles are 
within a depth of 20 inches. The C horizons are strongly 
to violently effervescent. The C3 horizon is light brownish 
gray, light yellowish brown, and light olive brown. It is 
slightly to strongly effervescent. Faint to distinct mottles 
are below a depth of 20 inches. The C3 horizon is loamy 
very fine sand or very fine sandy loam. Depth to the ПС 
horizon ranges from 20 to 40 inches. Reaction is mildly 
alkaline to moderately alkaline throughout the profile. 

Wheatville soils are associated with Bearden and Glyn- 
don soils. They have a clayey IIC horizon, unlike Glyndon 
soils. They have a sandy layer below the surface and are 
underlain by clayey material, unlike Bearden soils. 

343—Wheatville very fine sandy loam, 0 to 2 percent 
slopes. This nearly level soil is in the lake basin. Areas 
vary in size. Some are quite large. 

Included with this soil in mapping are small areas 
of Glyndon and Bearden soils and a poorly drained soil. 

Nearly all areas of this soil are cultivated. Small 
grains are most common, but some row Crops such as 
corn, soybeans, and sunflowers are also raised. Some 
legumes аге grown as a green manure crop. À few 
areas are used for hay or pasture. Soil blowing is a 
hazard on unprotected fields during winter and early 
spring. This soil has a high content of lime which 
causes an imbalance of nutrients. 

The main management needs are controlling soil 
blowing and improving fertility and tilth. Capability 
unit IIs-2; windbreak suitability group 2; recreation 
group 1; pasture and hayland group 1. 


Use and Management of the Soils 


Management of soils used for crops is discussed in 
this section. The capability groupings are explained, 
and the soils of the county are grouped according to 
their suitability for crops and pasture. Yield predic- 
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tions are given for the common crops. Also discussed 
in this section is the use of the soil for windbreaks, 
wildlife, recreation, and engineering. 


Cropland 


Grant County is mainly a grain farming area, but 
some farmers raise beef cattle or hogs or run dairy 
operations. Corn, soybeans, sunflowers, oats, barley, 
and wheat are the main crops. Small acreages of flax, 
alfalfa, and sugar beets are also grown. The acreage 
of sunflowers, most of which is in the western part 
of the county, is increasing. Approximately 92 percent 
of the land is used for crops, and 3 percent is used 
for pasture. The soils range from marginal cropland 
to highly productive land. Good management practices 
can increase yields. 

Water erosion is a hazard on sloping soils. Terracing, 
contour farming, minimum tillage, crop residue man- 
agement, and stripcropping reduce runoff and help to 
control erosion. The return of crop residue to the 
soil increases the infiltration rate, which increases the 
amount of water available for plant growth. It also 
maintains a high content of organic matter, a high 
level of fertility, and improved tilth. 

Soil blowing occurs throughout the county. It is most 
serious on sandy and gravelly soils along the the 
Pomme de Terre and Chippewa Rivers and the basin 
of glacial Lake Agassiz. Stripcropping, minimum til- 
lage, stubble mulching, field shelterbelts, and crop resi- 
due management help to control soil blowing. 

Most soil blowing occurs where soils are left bare in 
winter and spring. Fields plowed in fall should be left 
rough to expose crop residue and protect the soil. 
Plowing in fall is more suitable on the poorly drained 
soils, because they are difficult to work in spring when 
they are wet. 

Wetness is a hazard on most of the level and de- 
pressional soils. Open ditehes are commonly used to 
remove surface water from low areas and closed de- 
pressions and to provide outlets for tile drainage sys- 
tems. Tile drainage systems can be installed in most 
of the soils. Root development is good in soils that are 
adequately drained because the movement of air and 
water is not restricted. Soils that are adequately 
drained generally warm earlier in spring. 

Moisture deficiencies occur in most years in the well 
drained and excessively drained soils of Grant County. 
The somewhat excessively drained gravelly soils are 
irrigated, and it is expected that the irrigated acreage 
in the county will increase in the future. Use of irri- 
gation will make practicable a greater variety of 
crops, especially on soils that have low available water 
capacity and that otherwise are best suited to early- 
maturing crops. Crop yields can be stabilized on the 
deep, well-drained soils by use of irrigation during 
the dry periods that oecur in most years. 

Most of the soils in the outwash areas are suited 
to irrigation. Although the outwash areas are under- 
lain by a water supply, the amount of water needed 
for irrigation might not always be available. Test well 
borings are needed, therefore, to determine the ade- 
quacy of the water supply. Most potential areas for 


irrigation are along the Pomme de Terre River and 
small areas in the eastern part of the county. 

Irrigation farming often requires that large fields 
be planted entirely to one crop. These fields are often 
left unprotected for long periods and are therefore 
susceptible to soil blowing. Practices such as planting 
winter cover crops or establishing field windbreaks 
help to control this erosion. Erosion is a hazard on 
sloping soils under irrigation management, and proper 
distribution of water is difficult to assure. The choice 
of a proper irrigation system can minimize the dis- 
advantages of irrigating sloping soils. 

Tilling too frequently or when soils are too wet or 
too dry damages the structure of the soils. Frequent 
tillage makes the surface layer powdery so that water 
is not readily absorbed. Tilling when the soil does 
not contain the proper amount of moisture makes the 
surface layer cloddy and unsuitable as a seedbed. The 
soils should be tilled only enough to prepare a good 
seedbed and control the growth of weeds. Plowing in 
fall is a common practice, but as previously stated, 
fall-plowed fields should be left rough in order to 
reduce erosion. 

Fertilizer application increases crop yields on most 
of the soils in Grant County. The amount of fertilizer 
applied should be based on the results of soil tests. 
It varies, depending on the type of soil, past manage- 
ment, and the nutrient demand of the crops to be 
grown. 


Capability grouping 


Capability grouping shows, in a general way, the 
suitability of soils for most kinds of field crops. The 
soils are grouped according to their limitations when 
they are used for field crops, the risk of damage when 
they are used, and the way they respond to treatment. 
The grouping does not take into account and generally 
expensive land-forming that would change slope, depth, 
or other characteristics of the soils; does not take into 
consideration possible but unlikely major reclamation 
projects; and does not apply to rice, cranberries, horti- 
cultural crops, or other crops that require special 
management. 

Those familiar with the capability classification can 
infer from it much more about the behavior of soils 
when they are used for other purposes, but this classi- 
fication is not a substitute for interpretations de- 
signed to show suitability and limitations of groups of 
soils for range, for forest trees, or for engineering. 

In the capability system, all soils are grouped at 
three levels; the capability class, subclass, and unit. 
These are discussed in the following paragraphs. 

CAPABILITY CLASSES, the broadest groups, are desig- 
nated by Roman numerals I through VIII. The nu- 
merals indicate progressively greater limitations and 
narrower choices for practical use, defined as follows: 


Class I soils have few limitations that restrict 
their use. 

Class П soils have moderate limitations that re- 
duce the choice of plants or require moderate 
conservation practices. 

Class HI soils have severe limitations that reduce 
the choice of plants or require special conserva- 
tion practices, or both. 
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Class IV soils have very severe limitations that 
reduce the choice of plants or require very саге- 
ful management, or both. 

Class V soils are not likely to erode but have 
other limitations, impractical to remove, that 
limit their use largely to pasture, range, wood- 
land, or wildlife. (None in Grant County) 

Class VI soils have severe limitations that make 
them generally unsuited to cultivation and limit 
their use largely to pasture, range, woodland, 
or wildlife. 

Class VII soils have very severe limitations that 
make them unsuited to cultivation and limit 
their use largely to pasture, range, woodland, 
or wildlife. 

Class VIII soils and landforms have limitations 
that preclude their use for commercial plants 
and limit their use to recreation, wildlife, wa- 
ter supply, or to esthetic purposes. 


CAPABILITY SUBCLASSES are soil groups within one 
class; they are designated by adding a small letter, e, 
40, 8, or с, to the class numeral, for example, Пе. The 
letter e shows that the main limitation is risk of ero- 
sion unless close-growing plant cover is maintained; 
w shows that water in or on the soil interferes with 
plant growth or cultivation (in some soils the wetness 
can be partly corrected by artificial drainage) ; s shows 
that the soil is limited mainly because it is shallow, 
droughty, or stony; and с, used in only some parts of 
the United States, shows that the chief limitation is 
climate that is too cold or too dry. 

In class I there are no subclasses, because the soils 
of this class have few limitations. Class V can con- 
tain, at the most, only the subclasses indicated by w, 
з, and c, because the soils in class У are subject to 
little or no erosion, although they have other limita- 
tions that restrict their use largely to pasture, range, 
woodland, wildlife, or recreation. 

CAPABILITY UNITS are soil groups within the sub- 
classes. The soils in one capability unit are enough 
alike to be suited to the same crops and pasture plants, 
to require similar management, and to have similar 
productivity and other responses to management. Thus, 
the capability unit is а convenient grouping for mak- 
ing many statements about management of soils. Ca- 
pability units are generally designated by adding an 
Arabic numeral to the subclass symbol, for example, 
IIe-2 or IIIe-3. Thus, in one symbol, the Roman nu- 
тега] designates the capability class, or degree of 
limitations; the small letter indicates the subclass, or 
kind of limitation, as defined in the foregoing para- 
graph; and the Arabic numeral specifically identifies 
the capability unit within each subclass. 

In the following pages the capability units in Grant 
County are described, and suggestions for the use and 
management of the soils are given. 


CAPABILITY UNIT 1-1 


This unit consists of somewhat poorly drained to 
well-drained, nearly level to undulating, medium- 
textured and moderately fine textured soils. 

These soils have moderate to very high available 
water capacity, high natural fertility, and high content 


of organic matter. Permeability and infiltration are 
moderate to moderately slow. The root zone is deep. 
Most of these soils are easily tilled and readily per- 
meable to roots, air, and water and have no major lim- 
itation to use. The soils are subject to slight soil blow- 
ing on fields left unprotected in winter and spring, but 
under proper management soil loss can be kept to a 
minimum. | 

All erops suited to the climate of the county can be 
grown on these soils. Corn, soybeans, oats, wheat, 
barley, and alfalfa are the main crops, but small acre- 
ages of flax, sunflowers, and sugar beets are also 
grown. These soils are among the most productive in 
the county. In areas where these soils are used mainly 
for row crops, practices are needed to maintain opti- 
mum infiltration and permeability. Among such prac- 
tices are minimum tillage, tilling the soils only when 
they contain the proper amount of moisture, stubble 
mulching, and managing all crop residue. 


CAPABILITY UNIT Пе-1 


This unit consists of moderately well drained to 
somewhat excessively drained, nearly level to undulat- 
ing, fine- to medium-textured soils. 

These soils have moderate to very high available 
water capacity and low to high natural fertility. Per- 
meability and infiltration are moderately rapid to very 
slow. 'The root zone is deep. In some small areas the 
soils are poorly drained or very poorly drained. The 
root zone in these areas is limited by the depth to the 
water table. Most of these soils are easily tilled and are 
readily permeable to roots, air, and water. These soils 
are subject to further soil blowing unless properly 
managed. Erosion is most likely late in spring if the 
soil is not protected from rain and wind. 

All crops suited to the climate of the county can be 
grown on these soils. Corn, soybeans, oats, wheat, bar- 
ley, and alfalfa are the main crops, but small acreages 
of flax and sunflowers are also grown. Crop growth 
varies because of different surface texture, varying 
thickness of the surface layer, and content of lime in 
the soil. To control runoff and erosion, contour tillage, 
contour stripcropping, terracing, waterways, minimum 
tillage, and stubble mulching are used. Returning crop 
residue to the soil, fertilizing properly, and adding 
manure help to maintain the content of organic mat- 
ter and tilth. Under a high level of management, these 
soils can be farmed more intensively to row crops. 


CAPABILITY UNIT Пе-2 


This unit consists of very poorly drained to moder- 
ately well drained, nearly level, medium-textured soils. 

'These soils have moderate to high available water 
capacity, medium to high natural fertility, and high 
content of organic matter. One of the soils has medium 
natural fertility because of its high content of lime. 
This causes an imbalance of plant nutrients. Perme- 
ability is moderately slow to slow. The root zone is 
deep in all but the very poorly drained soils, in which 
roots are limited by depth to the water table. Most of 
these soils are easily tilled and are permeable to roots 
and air, but the very poorly drained soil, which is in 
depressions, is not. If these depressions are not drained, 
water ponds for a few days to a few weeks in spring 
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and after heavy rains. This hinders farming in spring 
and can drown a crop if heavy rain falls after plant- 
ing. Soil blowing is а hazard on fields left bare in 
winter and spring. 

Most crops suited to the climate of the county can 
be grown on these soils. Corn, oats, wheat, and barley 
are the main crops, but small acreages of flax, sun- 
flowers, and sugar beets are also grown. The main 
limitation to crop production is the degree of fertility 
relative to the high content of lime and the wetness of 
the very poorly drained soil in depressions. Manage- 
ment practices that include minimum tillage and stub- 
ble mulching are needed to control erosion. Returning 
crop residue to the soil, fertilizing properly, and add- 
ing manure help to maintain the content of organic 
matter, tilth, and fertility. Depressions need drainage. 


CAPABILITY UNIT IIw-1 


This unit consists of very poorly drained and poorly 
drained, nearly level, fine- to medium-textured soils. 

These soils have moderate to high available water 
capacity, high fertility, and high content of organic 


Figure 7.—Stubble mulching on 


hok 


matter. Permeability is moderately slow to slow. The 
root zone is limited by depth to the water table. 

АП crops suited to the climate of the county can be 
grown on these soils. Corn, soybeans, barley, oats, 
wheat, and sunflowers are the main crops, but small 
acreages of sugar beets are also grown. Wetness is the 
main management concern on these soils. Practices that 
promote movement of air and water into and through 
the soil are needed. These practices include minimum 
tillage, stubble mulching (fig. 7), field operations, re- 
turning crop residue to the soil, and fertilizing prop- 
erly to improve tilth, fertility, and drainage. If these 
soils are plowed in the fall, à good seedbed can be 
obtained in spring. If these soils are plowed when too 
wet, hard clods form, and compaction is likely. Soil 
blowing is a hazard on fields left bare in winter and 
spring. 


CAPABILITY UNIT Пу-2 


This unit consists of poorly drained to very poorly 
drained, nearly level, medium-textured to moderately 
fine textured, calcareous soils. 


Т. а A. 


Roliss loam, capability unit IIw-1. 
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These soils have high to very high available water 
capacity, medium to high natural fertility, and high 
content of organic matter. Permeability is moderate 
to moderately slow, and infiltration is slow. The root 
zone is limited by depth to the water table. In most 
of these soils a high content of lime causes an imbal- 
ance of plant nutrients. Special attention should be 
given to the level of available phosphorus and potas- 
een In a few areas, the soils have a neutral surface 
ayer. 

АП crops suited to the climate of the county can be 
grown on these soils. Corn, oats, soybeans, wheat, and 
barley are the main crops, but small acreages of sun- 
flowers, flax, and sugar beets are also grown. Wetness 
is the main management concern on these soils. Prac- 
tices that promote movement of air and water into 
and through the soil are needed. These practices in- 
clude minimum tillage, timely field operations, return- 
ing all скор residue to the soil, growing legumes and 
grasses, and fertilizing properly to help maintain tilth. 
Ditches help to remove surface water early and per- 
mit cropping of the soil. Tile drainage is needed to pro- 
vide an adequate root zone. If these soils are plowed 
in fall, a good seedbed can be obtained in spring. Soil 
blowing is à hazard on fields left bare in winter and 
spring. 


CAPABILITY UNIT Ilw—3 


This unit consists of very poorly drained and poorly 
drained, nearly level, moderately coarse textured to 
moderately fine textured soils. 

These soils have low to high available water ca- 
pacity, medium to high natural fertility, and high con- 
tent of organic matter. Permeability is moderately 
slow to rapid, and infiltration is moderate. In most of 
these soils a high content of lime causes an imbalance 
of plant nutrients. In some areas the soils are gravelly 
coarse sand at a depth of 22 to 40 inches. 

АП erops suited to the climate of the county can be 
grown in these soils. Corn, oats, soybeans, barley, and 
wheat are the main crops, but small acreages of flax, 
sunflowers, and sugar beets are also grown. Wetness 
is the main management concern on these soils. Prac- 
tices that promote movement of air and water into 
and through the soil are needed. These practices in- 
clude minimum tillage, timely field operations, return- 
ing all crop residue to the soil, and fertilizing. properly 
to help improve and maintain tilth, fertility, and con- 
tent of organic matter, and to improve drainage. Some 
soils have been drained by surface ditches. In soils un- 
derlain by sand and gravel, tile drainage is difficult. 
Plugging with sand is a hazard after tile has been in- 
stalled. Soil blowing is a hazard on fields left bare in 
winter and spring. 


CAPABILITY UNIT IIs-1 


This unit consists only of Fordville loam, 0 to 2 per- 
cent slopes. It is а nearly level, medium-textured soil 
underlain by coarse-textured material. 

This soil has low to moderate available water ca- 
pacity, high natural fertility, and high content of or- 
ganic matter. Permeability is moderate in the upper 
part of the soil and rapid below, and infiltration is 
moderate. The root zone is moderately deep. This soil 


is easily tilled and is readily permeable to roots, air, 
and water. It can be droughty during long, dry periods. 
Soil blowing is a hazard on fields left unprotected in 
winter and spring. : 

Corn, soybeans, and small grains are the main crops. 
To control erosion and conserve moisture, minimum 
tillage, stubble mulching, fertilizing properly, and re- 
turning all crop residue to the soil are.needed. 


CAPABILITY UNIT Ils-2 


This unit eonsists of somewhat poorly drained and 
moderately well drained, nearly level, moderately fine 
textured to medium-textured, calcareous soils. 

These soils have moderate to very high available 
water capacity and high content of organic matter. 
Most of these soils have medium fertility because of a 
high content of lime. This causes an imbalance of 
plant nutrients. Permeability is moderately rapid to 
Slow, and infiltration; is moderate. The root zone is 
deep. Some soils hàve a neutral surface layer. The 
soils in this unit are easily tilled and are permeable to 
roots and air. Soil blowing is a hazard on fields left 
bare in winter and spring. 

Most erops suited to the climate of the county can 
be grown on these soils. Corn, oats, wheat, barley, and 
soybeans are the main crops, but small acreages of 
flax, sunflowers, and sugar beets are also grown. The 
main limitation to crop production is the degree of 
fertility relative to the high content of lime. The high 
pH of these soils reduces the availability of phos- 
phorus. The high content of lime also causes the soil 
granules to break down into smaller particles that are 
easily blown by wind. Management practices that in- 
clude minimum tillage and stubble mulching are 
needed to control erosion. Returning crop residue to 
the soil, fertilizing properly, and adding manure help 
to maintain the content of organic matter, tilth, and 
fertility. 


CAPABILITY UNIT ІНе-1 


This unit consists of well-drained to somewhat ex- 
cessively drained, medium- to fine-textured, rolling 
soils. 

These soils have moderate to high available water 
capacity, low to high natural fertility, and moderate 
to high content of organie matter. Permeability and 
infiltration are moderate to very slow. In many areas 
the soils are eroded, and the hazard of additional ero- 
Sion is moderately severe. Erosion is most likely to 
occur if the soil is bare and is thus unprotected from 
rain. In some areas a high content of lime causes an 
imbalance of plant nutrients. In places the soils are 
clayey and more difficult to till. 

All crops suited to the climate of the county ean ђе 
grown on these soils. Corn, oats, soybeans, barley, 
wheat, and alfalfa are the main crops, but small acre- 
ages of flax are also grown. Crop production is gen- 
erally lower on the eroded slopes because of the lower 
content of organic matter and the high content of lime. 
Erosion and runoff are the main management con- 
cerns on these soils. To control erosion and runoff, 
contour stripcropping (fig. 8), terracing, contour till- 
age, waterways, minimum tillage, and stubble mulch- 
ing are used. On terraced or strip-cropped soils, row 
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Figure 8.—Contour stripcropping on Langhei-Barnes loa ms, 6 to 12 percent slopes, eroded, capability unit IIIe-1. 


erops ean also be planted. Returning crop residue to 
the soils, fertilizing properly, and adding manure help 
to maintain content of organic matter and tilth. The 
soils in this unit are generally plowed in the fall and 
left rough to catch snow and reduce the amount of 
soil blowing. 


CAPABILITY UNIT IIIw-1 


This unit consists of very poorly drained, nearly 
level, medium-textured to moderately fine textured 
soils. 

These soils have high to very high available water 
capacity, medium to high natural fertility, and high 
to very high content of organic matter. Permeability 
and infiltration are moderately slow to slow. Some of 
the soils are mildly alkaline to moderately alkaline. 
The root zone is limited by depth to the water table. 

Most crops suited to the climate of the county can 
be grown on these soils. Corn, soybeans, sunflowers, 
and small grains are the main crops. Where small 
grains are grown, lodging is generally a severe hazard. 
Wetness is the main limitation to farming, and the 
soils must be drained to be cropped. Where these soils 
are not drained, the water table generally is at or near 
the surface. Water ponds in some of these undrained 
areas for several weeks late in spring and-in some 


areas throughout the year. These soils can be used for 
stockwater ponds (fig. 9). Most areas are drained by 
open ditches that remove surface water. Shallow 
ditches that drain closed depressions should be sodded 
where gullying is a hazard. Tile drainage is needed to 
provide adequate internal drainage. This lowers the 
water table, provides an adequate root zone, and al- 
lows the soil to warm earlier in spring. 


CAPABILITY UNIT IIIw-2 


This unit consists of poorly drained to very poorly 
drained, nearly level, moderately coarse textured soils 
underlain by coarse-textured to moderately fine tex- 
tured material. 

These soils have moderate to high available water 
capacity, medium natural fertility, and high content 
of organic matter. Permeability is moderately rapid 
in the upper part and rapid to moderately slow in the 
underlying material. The root zone is limited by depth 
to the water table. 

All erops suited to the climate of the county can be 
grown on these soils. Corn, soybeans, wheat, barley, 
oats, and sunflowers are the main crops. Drainage is 
the main management concern on these soils. Practices 
that include drainage, minimum tillage, timely field 
operations, returning all crop residue to the soil, and 
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Figure 9.—Stockwater pond on Quam silty clay loam, capability unit IIIw-1. 


fertilizing properly all help to maintain content of 
organie matter, good tilth, and fertility. Excess water 
limits the use of these soils. Water is commonly 
ponded in spring and occasionally throughout the year. 
Some areas have been drained by surface ditches. In 
soils in which the underlying material is rapidly per- 
meable, tile drainage is difficult because of coarse tex- 
ture. Plugging with sand is a hazard after tile has 
been installed. These soils are often plowed in fall and 
left rough in winter and spring to catch snow and re- 
duce the amount of soil blowing. Disking rather than 
plowing these soils leaves a rough surface that reduces 
soil blowing. Stubble mulching, wind stripcropping, 
and field windbreaks also help to control soil blowing. 
Some areas of these soils are in permanent pasture. 
Undrained areas are marshy and аге seasonally 
ponded. All of these soils are good sites for stock- 
water ponds. 


CAPABILITY UNIT 1115-1 


This unit consists only of Arvilla sandy loam, 0 to 2 
percent slopes. It is a somewhat excessively drained, 


moderately coarse textured soil underlain by coarse- 
textured material. 

This soil has low available water capacity, medium 
natural fertility, and moderate content of organic mat- 
ter. Permeability is rapid, and infiltration is moderate. 
The root zone is shallow. Droughtiness is the main 
hazard on this soil. 

All crops suited to the climate of the county can be 
grown on this soil, but early-maturing crops that make 
the best use of limited moisture are best suited. This 
soil is easily tilled but is subjected to droughtiness and 
erosion. It warms early in spring and responds well to 
irrigation and fertilizer. This soil needs to be man- 
aged to control erosion and conserve moisture. Stub- 
ble mulching, minimum tillage, wind stripcropping, 
and field windbreaks control soil blowing and reduce 
evaporation and transpiration of soil and plants. Re- 
turning all crop residue to the soil and adding manure 
help to maintain content of organic matter, fertility, 
and tilth and reduce erosion. Spring plowing and 
wheel-track planting also help to control erosion. 
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CAPABILITY UNIT IIfs-2 


This unit consists of somewhat excessively drained, 
moderately coarse textured, undulating soils underlain 
by coarse-textured material. 

These soils have low available water capacity, me- 
dium natural fertility, and moderate content of organic 
matter. Permeability and infiltration are rapid. The 
root zone is shallow to deep. Droughtiness is the main 
hazard on these soils. 

All crops suited to the climate of the county can be 
grown on these soils, but early-maturing crops that 
make the best use of the limited available moisture 
are best suited. These soils are easily tilled but are 
droughty and subject to erosion. They warm early in 
spring and respond well to irrigation and fertilizer. 
These soils need to be managed to control erosion and 
conserve moisture. Stubble mulching, minimum tillage, 
wind stripcropping, and field windbreaks control soil 
blowing and reduce evaporation of soi] and transpira- 
tion from plants. Returning all crop residue to the 
soil, adding manure, spring plowing, and wheel-track 
planting help to control erosion. 


CAPABILITY UNIT HIs-3 

This unit consists of somewhat poorly drained to 
moderately well drained, nearly level, moderately 
2 textured soils underlain by fine-textured ma- 
terial. 

These soils have moderate to high available water 
capacity, medium fertility, and moderate to high con- 
tent of organic matter. Permeability is rapid to slow, 
and infiltration is moderate. The root zone is deep. 
Soil blowing is the main hazard on these soils. 

All crops suited to the climate of the county can be 
grown on these soils. Sunflowers, wheat, oats, and bar- 
ley are the main crops, but small acreages of flax, 
corn, and soybeans are also grown. These soils are 
easily tilled but are subject to soil blowing and drought- 
iness during long dry periods. These soils need to be 
managed to control erosion and conserve moisture. 
Stubble mulching, minimum tillage, wind stripcrop- 
ping, and field windbreaks control soil blowing and 
reduce evaporation of soil and transpiration from 
plants. Returning all crop residue to the soil and add- 
ing manure help to maintain content of organic mat- 
ter, fertility, and tilth and reduce erosion. Plowing in 
spring and wheel-track planting also help to control 
erosion. 


CAPABILITY UNIT IIIs-4 

This unit consists only of Ulen loamy fine sand, 0 to 
2 percent slopes. It is somewhat poorly drained tó mod- 
erately well drained, nearly level, coarse-textured soil. 

This soil has low available water capacity, low nat- 
ural fertility, and moderate content of organic matter. 
Permeability and infiltration are rapid. The high con- 
tent of lime and the low content of available water 
contribute to the low natural fertility. The high con- 
tent of lime causes an imbalance of plant nutrients and 
keeps little phosphorus available for plants. The root 
Zone is deep. This soil is easily tilled and is readily 
permeable to roots, air, and water. Soil blowing is a 
severe hazard on fields left unprotected in winter and 
spring. Droughtiness is а hazard, and this soil is gen- 
erally deficient of moisture by mid-summer. 


АП crops suited to the climate of the county can be 
grown on this soil, but early-maturing crops that make 
the best use of the limited available moisture are best 
suited. This soil is generally plowed in spring. Fields 
plowed in fall are left rough to prevent soil blowing in 
winter and spring. Disking rather than plowing, stub- 
ble mulching, wind stripcropping, and field shelterbelts 
also help to control soil blowing. Returning crop resi- 
due to the soil helps to maintain content of organic 
matter and good tilth. 


CAPABILITY UNIT IVe-1 


This unit consists of well-drained to somewhat ex- 
cessively drained, moderately steep to steep, medium- 
textured to moderately fine textured soils. 

These soils have high available water capacity, low 
to high natural fertility, and moderate to high con- 
tent of organic matter. Permeability and infiltration 
are moderate to moderately slow. Some areas of soils 
have a surface layer that has a high content of lime. 
The root zone is deep. 

АП crops suited to the climate of the county can be 
grown on these soils. Corn, soybeans, and small grains 
are the main erops. Water erosion and runoff are the 
main management concerns on these soils. Practices 
that include stubble mulching, mulch planting, mini- 
mum tillage, cropping systems, and contour strip- 
cropping help to control erosion and conserve mois- 
ture. Returning crop residue to the soil, fertilizing 
properly, and adding manure help to maintain content 
of organic matter, good tilth, and fertility. Contour 
tillage is difficult because the slopes are short, ir- 
regular, and steep, but its use should be considered 
where the slopes are suitable. Sodded waterways are 
needed wherever water collects and causes a hazard 
of gullying. Much of the rain that falls on these soils 
runs off, so plants often lack sufficient moisture. 
Droughtiness is often a hazard late in July and in 
August. 


CAPABILITY UNIT IVs-1 


This unit consists of excessively drained, nearly 
level to rolling, coarse-textured soils. 

These soils have very low available water capacity, 
low content of organic matter, and low natural fertil- 
ity. Permeability and infiltration are rapid. The root 
Zone is very shallow. These soils are easily tilled and 
are rapidly permeable to roots, air, and water. Drought- 
iness and low fertility are severe hazards to farming 
these soils, and moisture is depleted by late June. Ero- 
sion is a hazard on the more rolling slopes. 

All crops suited to the climate of the county can be 
grown on these soils. Corn, soybeans, small grains, 
legumes, and grasses are the main crops. Early- 
maturing crops that make the best use of the limited 
moisture supply are best suited. Crop production is so 
low that these soils are best suited to grasslands. Prac- 
tices that include stubble mulching, minimum tillage, 
stripcropping, and field windbreaks help to control ero- 
sion and conserve moisture. Returning crop residue to 
the soil helps to maintain content of organic matter 
and tilth. Very low available water capacity, low fer- 
tility, and erosion make these soils marginal for irri- 
gation. 
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CAPABILITY UNIT IVs-2 


This unit consists of moderately well drained to well 
drained, nearly level to gently sloping, coarse-textured 
soils. 

These soils have low available water capacity and 
natural fertility and moderate content of organic mat- 
ter. Permeability and infiltration are rapid. The root 
Zone is deep. 

All crops suited to the climate of the county can ђе 
grown on these soils. Corn, soybeans, and small grains 
are the main crops. Early-maturing crops that make 
the best use of the limited moisture supply are best 
suited. Droughtiness and erosion are the main manage- 
ment concerns on these soils. Practices that include 
stubble mulching, cropping systems, minimum tillage, 
wind stripcropping, and field windbreaks help to con- 
trol erosion and conserve soil moisture. Returning crop 
residue to the soil and using green manure crops help 
to maintain the content of organic matter and good 
tilth. Droughtiness is a severe limitation, and the soils 
generally are deficient of moisture by mid July. Soil 
blowing is a severe hazard on soils left bare in winter 
and spring, and fields generally are plowed in spring 
to protect them from this hazard. Low available water 
capacity and low fertility make these soils marginally 
suitable for irrigation. 


CAPABILITY UNIT VIw-1 


This unit consists of very poorly drained, nearly 
level, medium-textured to moderately fine textured 
soils. 

These soils have medium to very high available water 
capacity, natural fertility, and content of organic mat- 
ter. Permeability and infiltration are moderate to mod- 
erately slow. This wide variation in soil condition 
results from the wide range in soil texture, from mod- 
erately coarse to moderately fine. Flooding is the main 
hazard on these soils. 

These frequently flooded soils are next to or near 
streams. They are best suited to permanent vegetation. 
They are flooded too frequently to be safely cultivated 
or are so cut up by old stream meanders that it is not 
practical to cultivate them. Suitable outlets for drain- 
age are lacking because mapped areas are so close to 
streams. When these soils are used for pasture, it is 
important that weeds and brush be controlled. If the 
soils are grazed when too wet, they become hummocky 
and less valuable as pasture. 


CAPABILITY UNIT Vis-1 


This unit consists only of Maddock loamy sand, 6 to 
18 percent slopes. It is a well-drained, sloping to mod- 
erately steep, coarse-textured soil. 

This soil has low available water capacity and nat- 
ural fertility and moderate content of organic mat- 
ter. Permeability and infiltration are rapid. The root 
zone is deep. 

This soil is suited to hay, pasture, and wildlife hab- 
itat. It is too droughty and erodible for cultivated 
crops. In some places farmed areas are best suited to 
permanent vegetation. This soil is loose and rapidly 
permeable to roots, air, and water. It is so erodible 
that it is best suited to permanent grasses: fertiliza- 
tion insures good grass production. Droughtiness is a 


very severe hazard, and this soil is generally deficient 
of moisture. Soil blowing is а hazard because the soil 
is so loose. Special care must be taken to prevent over- 
grazing. 


CAPABILITY UNIT УНе-1 


This unit consists only of Langhei loam, 18 to 35 
percent slopes. It is a somewhat excessively drained, 
steep, medium-textured, calcareous soil. 

This soil has high available water capacity, low 
natural fertility, and moderate content of organic 
matter. Permeability and infiltration are moderate, but 
because runoff is very rapid, the amount of water that 
enters the soil is greatly reduced. The hazard of ero- 
sion is very severe. 

This soil is not suited to cultivated crops, and areas 
now under cultivation are better suited to permanent 
vegetation. If this soil is used for pasture, a good 
cover of plants can be maintained to control erosion. 
Water erosion is a serious hazard on this soil. Because 
slopes in most areas are steep and most rain runs off, 
the soil is never saturated. Gullies can be shaped and 
seeded to grass for use as waterways. 


CAPABILITY UNIT УНь-1 


This unit consists only of Sioux gravelly loamy 
coarse sand, 12 to 35 percent slopes. It is an excessive- 
ly drained, moderately steep to steep, coarse-textured 
soil. 

This soil has very low available water capacity, low 
content of organic matter, and low natural fertility. 
Permeability and infiltration are rapid. The root zone 
is very shallow. This soil is loose and rapidly perme- 
able to roots, air, and water. Droughtiness is a severe 
hazard, and this soil is generally deficient of moisture. 
Soil blowing is a hazard because the soil is so loose. 
The hazards of erosion and occasional gullying are 
severe. This soil is a good source of sand and gravel 
(fig. 10). 

This soil is so highly erodible and unproductive that 
it is best suited to permanent grass. Care must be 
taken to prevent overgrazing through rotation and 
restriction of grazing. Control of weeds helps main- 
tain good grass cover. 


CAPABILITY UNIT VIIIw—1 


This unit consists of Marsh. This land type occurs 
along the edges of some lakes, ponds, and streams and 
in depressions. The water level fluctuates, depending 
on the season. Some areas cannot be drained because 
they lack outlets or because ground water keeps the 
area seepy. Vegetation consists of cattails, rushes, 
sedges, willows, and other water-tolerant plants. Be- 
cause the areas are wet, the soil material has not been 
identified. In places during long, dry periods, the edges 
of the marsh can be cut for wild hay. 

Areas of Marsh are not suited to crops or pasture 
but can provide good habitat for waterfowl, muskrat, 
mink, and upland game (fig. 11). The areas can be 
improved for wildlife by providing level ditches, made 
by blasting or digging, for controlling the level of water. 
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Figure 10.—Gravel pit on Sioux gravelly loamy coarse sand, 12 to 35 percent slopes. 


Predicted yields 


In table 2, predicted long-term average yields are 
listed for the main crops grown under improved man- 
agement in Grant County. The table provides guide- 
lines to potential crop yields on various soils. These 
yields are based on records and observations of the 
Soil Conservation Service, the Extension Service, and 
the University of Minnesota, and on interviews with 
farmers of the county. 

Yields are not given for soils that are not con- 
sidered suitable for a particular crop. The major crops 
can be grown on such soils, but because the soils are 
droughty, steep, severely eroded, or poorly drained, 
the crops are not likely to be successful. 

The yield figures represent an average to be ex- 
pected under improved management. The requirements 
of good management vary according to the soil, but 
under this level of management, crops suited to the 
soils are grown in a suitable cropping system. Sur- 
face and internal drainage provide the best growing 
conditions. Commercial fertilizers and manure are ap- 
plied, proper tillage methods are used, and all organic 
matter is returned to the soils. Weeds, insects, and 
diseases are adequately controlled. The productivity 
and workability of the soils are maintained or im- 
proved, water erosion and soil blowing are adequately 
controlled, and plant nutrients and soil moisture are 
conserved. 


Under pastureland management, it is assumed that 

rotation pasture consists of suitable legumes and 
grasses. Permanent pasture, under average manage- 
ment, consists mainly of native grass. Under improved 
management in which permanent pasture is renovated 
at intervals, a mixture of suitable grasses and legumes 
is the main cover. Good management for pasture in- 
cludes fertilization according to soil tests and forage 
needs. Pastures are properly managed, weeds and 
brush are adequately controlled, and drainage is ade- 
quate for the forage species grown. 
_ Yields in table 2 are obtainable using present farm- 
ing practices and varieties of crops. As agricultural 
technology advances, increased yields per acre might 
be obtained. It is also possible that plant diseases and 
pests might cause average yields to be less than those 
predicted here. 


Windbreaks ° 


This section gives general facts about trees and 
shrubs that are suggested for use in field and farm- 
stead windbreak plantings. It shows the principal trees 
and discusses the soil properties that affect the growth 
of trees. Table 3 shows the productivity of the soils, 


* Prepared with the assistance of JOHN HULTGREN, woodland 
conservationist, Soil Conservation Service. 
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Figure 11.—This area of Marsh provides good habitat for wildlife. Note the open water, cattails, and reeds. 


TABLE 2.—Predicted average yields per acre of the principal crops under improved management 


[Figures indieate yields that can be expected under improved management. Absence of figures indicates that the crop is not 
suited or that it is not commonly grown on the soil] 


Corn Corn Rota- Rota- | Perma- 
Mapping unit for for Soy- Sun- tion tion nent 
grain | silage | beans | Oats | Wheat | Barley; flowers hay pasture pasture 
Bu Tons Bu Bu Bu Bu Lbs Tons AUM! AUM 
Aazdahl clay loam, 1 to 3 percent 
slopes шыда валы гш LESER. 80 16 30 80 50 55 1,400 4.0 6 8 
Aazdahl-Hamerly-Parnell complex, 0 to 
2 percent slopes -------------------- 70 14 28 15 30 45 1,200 3.5 6 3 
Alluvial land, frequently flooded .......| ------- |----- ел кран | See КИИ ب کا‎ аа 3 
Arveson fine sandy loam .............. 50 10 18 55 30 35 1,200 3.0 5 8 
Arvilla sandy loam, 0 to 2 percent 
slopes 2..." дн 50 10 18 50 20 28 |.......... 2.5 4 2 
Arvilla sandy loam, 2 to 6 percent 
Slopes z m им e e cee eee 50 10 16 50 20 28: СЕКЕ 2.5 4 2 
Barnes loam, 2 to 5 percent slopes ..... 75 15 28 80 40 50 === 4. 6 8 
Barnes-Langhei loams, 8 to 6 percent 
slopes ----------------------------- 60 12 26 65 80 40 |.......... 8.5 6 8 
Barnes-Svea loams, 1 to 3 percent 
slopes ee erc ef. 75 15 30 80 45 БО ete не 4.0 6 8 
Bearden silt loam, 0 to 2 percent slopes -- 65 13 26 70 45 45 1,400 4.5 5 8 
Darnen loam, 1 to 4 percent slopes ..... 80 16 35 80 45 55 |.......... 4.5 6 8 
Fargo silty clay ___-___----_---------- 60 12 24 75 45 55 1,400 4.0 6 3 
Flom silty clay loam .._-------._------ 80 16 30 80 40 55 1,600 4.0 6 8 
Forada sandy loam ( (.--------------- 50 10 18 50 25 35 | лава 3.0 5 3 
Fordville loam, 0 to 2 percent slopes ---- 55 13 24 60 35 45 ]|.......... 8.5 6 8 
Formdale clay loam, 2 to 5 percent 
slopes ="... 15 15 28 80 40 50 1,400 4.0 6 3 
Formdale-Aazdahl-Flom complex, 1 to 
4 percent slopes -------------------- 70 14 26 75 35 50 1,400 4.0 6 8 
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TABLE 2.—Predicted average yields per acre of the principal crops under improved management—Continued 


Corn 
Mapping unit for 
grain 
Bu 
Formdale-Langhei clay loams, 3 to 6 
percent slopes ---------------------- 60 
Glyndon silt loam, 0 to 2 percent 
Slopes а на нео ЫГА 70 
Grimstad-Towner complex, 0 to 2 
percent slopes ____..___.__________- 65 
Hamerly clay loam, 1 to 3 percent 
slopes _______ ЕН 10 
Hamerly-Parnell complex, 0 to 3 per- 
cent slopes ______________________ 70 
Hecla loamy fine sand, 0 to 2 percent 
slopes 22222... 45 
Kittson very fine sandy loam, 0 to 2 
percent slopes _._.__.--.__________._ 70 
Kittson fine sandy loam, gray subsoil 
variant | ( (1.3 ._____________ 55 
Lake Маса. . š 
Lamoure silt юан... "RE 60 
Lamoure silt loam, frequently flooded __. = 
Langhei loam, 18 to 35 percent slopes ee 
Langhei-Barnes loams, 6 to 12 percent 
slopes, eroded | | __ ОГО Ни 50 
Langhei-Barnes loams, 12 to 18 percent 
slopes, eroded . . __ е, Hommes ША 40 
Langhei-Formdale clay loams, 6 to 12 
percent slopes, eroded | (| (| | | 50 
Langhei-Formdale clay loams, 12 to 18 
percent slopes, eroded ___________- 40 
Maddock loamy sand, 1 to 6 percent 
slopes __. ________________________ 25 
Maddock loamy sand, 6 to 18 percent 
slopes RM ырк шоны 
Marsh —— 
McIntosh silt loam, 0 to 2 percent 
slopes... (1.111111 70 
Oldham silty clay loam |.  . 80 
Parnell silty clay loam ____. POR 2 80 
Quam silty clay loam "Mr 80 
Rockwell loam ......... ____. 22122221 60 
Rockwell-Vallers complex .___ 65 
Roliss ІШ. 80 
Roliss complex .... xu ee UM S 15 
Roliss-Vallers complex _____ pedem 80 
Rothsay silt loam, 2 to 6 percent 
slopes ___ ___ ________________ М 15 
Sinai silty clay, 1 to 6 percent slopes TO 
Sinai silty clay, 6 to 12 percent slopes 60 
Sioux gravelly loamy coarse sand, 12 
to 35 percent slopes | ·|____ |... -- 
Sioux loamy coarse sand, 0 to 6 percent 
Slopes 02. 30 
Sioux loamy coarse sand, 6 to 12 per- 
cent slopes ПРЕ EE 20 
Svea loam, 1 to 3 percent slopes 80 
Svea-Hamerly loams, 1 to 3 percent 
slopes . . _ _____ Wu uei oy ee 15 
Sverdrup sandy loam, 2 to 6 percent 
slopes 025020202. —— 50 
Towner fine sandy loam, 0 to 2 percent 
slopes ___ 0... 0. ________ 60 
Ulen loamy fine sand, 0 to 2 percent 
slopes -2 | 55 
Urness mucky silt loam .... |... Ё 70 
Vallers clay loam |... = 80 
Vallers clay loam, firm subsoil 60 
Waukon loam, 4 to 12 percent slopes 60 
Waukon loam, 12 to 24 percent slopes . 50 
Wheatville very fine sandy loam, 0 to 
2 percent slopes ______________ ми 60 


Сотп 
Тог 
silage 


Тота 
12 
14 
13 


11 
14 
16 
18 
12 
10 


11 


Soy- 
beans; Oats | Wheat| Barley 
Bu Bu Bu 
26 65 30 
25 70 40 
23 65 35 
25 70 45 
28 15 40 
15 45 20 
28 15 45 
14 65 85 
25 70 | 85. 
20 55 85 
12 45 25 
20 55 35 
12 45 25 
12 35 20 
20 70 45 
30 70 30 
30 70 30 
30 70 30 
28 70 40 
28 70 40 
30 80 50 
30 70 45 
30 70 40 
28 80 45 
26 70 35 
26 60 30 
12 30 |... 
10 20 |... 
30 80 50 
28 80 50 
15 50 20 
24 65 30 
18 55 80 
25 60 30 
30 70 85 
24 58 30 
21 15 35 
16 50 30 
24 70 40 
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ЗАМ means animal-unit-months, the length of time that one animal unit (one cow, horse, or mule or five Sheep or goats) can 


graze 1 acre without injuring the pasture. 
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TABLE 8.—H eight of trees and shrubs, by windbreak suitability group 


[Expected heights, in feet, are given for trees at age 20. Dashes indicate trees are generally not suited] 
CONIFEROUS TREES 


Windbreak White spruce 
suitability Eastern Northern Jack Red Ponderosa Eastern and Black 
group redcedar | white-cedar pine pine pine white pine Hills spruce 


AMO со tO на 


Windbreak 
suitability 
group 


White willow 
and laurel- 
leaved willow 


Eastern 
cottonwood 


Windbreak 
suitability 
group 


Siberian 


by windbreak suitability group, for several tree and 
shrub species. 

Trees and shrubs are planted extensively for wind- 
breaks in Grant County. 

Field windbreaks (fig. 12) are necessary to retard 
soil blowing, distribute and control snow, and reduce 
стор damage and moisture loss. They are not recom- 
mended on sloping areas that are subject to water 
erosion caused by snowmelt. 

Farmstead windbreaks (fig. 13) are established to 
reduce soil erosion, block out severe winds, improve 
human comfort, protect livestock, control snow drift- 
ing, and provide food and cover for wildlife. They 
help to improve the estheties of the farmstead, reduce 
dust and wind damage, and make outdoor activity 
more enjoyable. 

The soils of Grant County have been placed in wind- 
break suitability groups for windbreak use. Each group 
consists of soils that have similar characteristies that 
affect tree and shrub growth. These groups are de- 
scribed in the following paragraphs. 


WINDBREAK SUITABILITY GROUP 1 
This group consists of deep, medium-textured to 


American 


olive plum Dogwood 


Purple 
osier 


17 15 
13 12 
15 
15 


fine-textured, somewhat poorly drained «о well-drained 
soils. Natural fertility is high, and content of organic 
matter is moderate to high. The soil is neutral to mildly 
alkaline in the surface layer and mildly alkaline to 
moderately alkaline in the underlying material. Avail- 
able water capacity is moderate to very high, and per- 
meability is moderate to very slow. The soils in this 
group are among the most productive in the county. 


WINDBREAK SUITABILITY GROUP 2 


This group consists of deep, medium-textured, mod- 
erately coarse textured, and coarse textured, somewhat 
poorly drained to somewhat excessively drained soils 
that have a high content of lime. Natural fertility is 
low to medium, and content of organic matter is mod- 
erate to high. The soil is moderately alkaline in the 
surface layer. Available water capacity is low to very 
high, and permeability is rapid to slow. 

Тће soils in this group have a restricted root zone 
because of the high content of lime. This excess lime 
affects the growth of many tree and shrub species by 
interfering with the uptake of plant nutrients. The 
original vegetation was native grasses. Woody plant- 
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Figure 12.—One-row field windbreak of dropmore elm on Roliss loam. 


ings can be made for windbreaks, wildlife, and water- 
shed protection. 


WINDBREAK SUITABILITY GROUP 3 


This group consists of fine textured, moderately fine 
textured, and medium-textured, poorly drained to very 
poorly drained soils in nearly level to slightly depres- 
sional areas. Natural fertility is medium to high, and 
content of organic matter is high. The soil is neutral 
to mildly alkaline in the surface layer and mildly alka- 
line in the underlying material. Available water capac- 
ity is low to high, and permeability is rapid to slow. 

The root zone in these soils is limited by depth to 
the water table. The seasonal water table is at a depth 
of 1 to 5 feet in these occasionally flooded soils. If 
undrained and unprotected from flooding, these soils 
are too wet to be suited to many tree and shrub 
Species. 


WINDBREAK SUITABILITY GROUP 4 


This group consists of medium textured to mod- 
erately fine textured, very poorly drained to poorly 
drained, calcareous soils. These soils are in nearly 
level and slightly depressional areas, and some are on 


bottom lands along streams and drainageways. Natural 
fertility is medium. The soil is moderately alkaline. 
Available water capacity is moderate to very high, 
ae permeability is moderately rapid to moderately 
slow. 

The seasonal water table is mainly at a depth of 0 to 
3 feet. Undrained areas are generally too wet to be 
suited to most tree species. Seedling mortality is mod- 
erate to severe. Drained areas provide more favorable 
conditions for trees. Excess lime, however, affects the 
growth and survival of many trees and shrubs. 


WINDBREAK SUITABILITY GROUP 5 


This group consists of moderately well drained to 
somewhat excessively drained soils. These soils are 
moderately droughty to droughty and are underlain by 
sand, gravel, or loamy material. Natural fertility is 
low to medium, and content of organic matter is mod- 
erate to high. The soil is neutral in the surface layer 
and becomes more alkaline with depth. Available wa- 
ter capacity is low to high, and permeability is mod- 
erately rapid to rapid. 

The root zone is restricted to depth of gravelly 
coarse sand or sand in some soils and is unrestricted 
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7 — - - tead windbreak of honeysuckle, dropmore elm, chokecherry, silver maple, 
а аса "apple; and blue spruce. The soil is a Formdale clay loam. 


in other soils. Droughtiness and damage caused by soil 
blowing are hazards to new plants. 


WINDBREAK SUITABILITY GROUP 6 


This group consists of droughty soils that have a 
substratum of gravelly coarse sand or sand within a 
depth of 6 to 20 inches. Natural fertility is medium 
to low, and content of organic matter is low to mod- 
erate. The soil is neutral to mildly alkaline in the sur- 
face layer and mildly alkaline in the substratum. 
Available water capacity is low to very low, and per- 
meability is rapid. . 

Pocket gophers can be a concern in planted areas. 
The hazards of soil blowing and water erosion are 
severe. 


WINDBREAK SUITABILITY GROUP 7 


This group consists of medium-textured to fine- 
textured soils. These are mainly very poorly drained 
soils, but soils in a few small areas are better drained. 
Available water capacity is high to very high, and 
permeability is moderate to slow. The seasonal water 
table is high, and the root zone is limited by its depth. 
In some soils fertility is medium to high and content 
of organic matter is high to very high. Reaction is 
neutral in the surface layer of some soils and mildly 
alkaline or moderately alkaline in others. 


green ash, flowering crab- 


Some soils are in depressions, potholes, and sloughs, 
and another is on bottom lands adjacent to major 
streams. If the soils are adequately drained, Species 
suitable for planting are similar to those in groups 3 
and 4. Undrained soils, soils unprotected from flooding, 
and soils covered with water for long periods are not 
generally suited to trees or shrubs. 


Wildlife ° 


The condition of wildlife habitat in the county is 
related to soil, climate, and land use. Most of the soils 
of the lake plain are under intensive farm use. Nesting 
areas and woody cover are limited to odd areas, farm- 
steads, road ditches, and field windbreaks. Wildlife 
populations are considerably lower on the lake plain 
than in other parts of the county. 

Soils of the outwash plains and beach ridges are 
characterized by level to rolling terrain and some 
marshes, small lakes, and streams throughout the area. 
Because of the coarse texture of the soils, habitat 
variety and extent are somewhat limited. Some water- 
fowl and furbearers live around the larger marshes. 
Deer populations are mainly associated with wooded 


* Prepared with the assistance of ALLEN R. VAUGHN and JOHN 
W. BEDISB, biologists, Soil Conservation Service. 
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stream courses. Pheasants and other upland game spe- 
cles are somewhat limited as a result of less favorable 
habitat conditions. 

Soils of the uplands support a variety of habitat 
conditions, including upland grass and legume areas 
and wet meadow and sedge areas. Oak woods are inter- 
spersed throughout the uplands and are adjacent to 
the many lakes in these areas. Approximately 92 per- 
cent of the land is in row crops, pasture, hay, and 
small grains. Nesting and winter cover are limited in 
the Hamerly-McIntosh association because of intensive 
farming. The upland areas generally support good 
wildlife habitat. Although habitat for pheasants is 
abundant, their populations vary from year to year 
because of severe winters. These upland areas are 
in the high-density pheasant range of Minnesota. 
White-tailed deer are common, mainly in wooded areas. 
Although these areas are not within good ruffed grouse 
range, a few ruffed grouse live in them. 

Soils directly affect the kind and amount of vege- 
tation that is available to wildlife as food and cover, 
and they affect the development of water impound- 
ments. Тће kind and amount of wildlife that populate 
an area depend largely on the amount and distribu- 
tion of food, cover, and water. If any one of these 
elements is missing, inadequate, or inaccessible, wild- 
life is either scarce or does not inhabit the area. 

If the soils are potentially suited, wildlife habitat 
can be created or improved by planting appropriate 
vegetation, by properly managing existing plant cover, 
and by fostering natural establishment of desirable 
plants. | 

In table 4 the soil associations in the county are rated 
according to their potential to support the main kinds 
of wildlife habitat in the area. 

The potential of the soil is rated good, fair, poor, 
or very poor. A rating of good. means that the element 
of wildlife habitat or the kind of habitat is easily 
created, improved, or maintained. Few or no limita- 
tions affect management, and satisfactory results can 
be expected if the soil is used for the designated pur- 
pose. А rating of fair means that the element of wild- 
life habitat or kind of habitat can be created, improved, 
or maintained in most places. Moderate intensity of 
management and fairly frequent attention are re- 
quired for satisfactory results. A rating of poor means 
that limitations are severe for the designated element 
of wildlife habitat or kind of habitat. Habitat can be 
created, improved, or maintained in most places, but 
management is difficult and requires intensive effort. 
А rating of very poor means that restrictions for the 
element of wildlife habitat or kind of habitat are very 
severe. Unsatisfactory results can be expected, and 
wildlife habitat is impractical or even impossible to 
create, improve, or maintain on soils that have such а 
rating. 

The elements of wildlife habitat are briefly de- 
Scribed in the following paragraphs. 

Grain and seed crops are seed-producing annuals 
used by wildlife. Examples are corn, sorghum, wheat, 
oats, barley, millet, buckwheat, soybeans, and sun- 
flowers. The main soil properties that affect the growth 
of grain and seed crops are depth of the root zone, 
texture of the surface layer, available water capacity, 


wetness, slope, surface stoniness, and the hazard of 
flooding. Temperature and moisture of the soil are 
also considerations. р 

Domestic grasses and legumes are domestic pe- 
rennial grasses and herbaceous legumes that are 
planted for wildlife food and cover. Examples are fes- 
cue, bluegrass, reed canarygrass, switchgrass, brome- 
grass, timothy, orchardgrass, clover, alfalfa, trefoil, 
and crownvetch. The main soil properties that affect 
the growth of grasses and legumes are depth of the 
root zone, textures of the surface layer, available wa- 
ter capacity, wetness, surface stoniness, hazard of 
flooding, and slope. Temperature and moisture of the 
soil are also considerations. 

Wild herbaceous plants are native or naturally es- 
tablished herbaceous grasses and forbs, including 
weeds, that provide food and cover for wildlife. 
Examples are bluestem, indiangrass, goldenrod, beg- 
garweed, smartweed, barnyardgrass, wheatgrass, 
sweet-clover, and grama. The main soil properties that 
affect the growth of these plants are thickness of the 
soil, texture of the surface layer, available water ca- 
pacity, wetness, surface stoniness, and hazard of flood- 
ing. Temperature and moisture of the soil are also 
considerations. 

Hardwood plants (trees and the associated woody 
understory) provide cover for wildlife and produce 
nuts or other fruit, buds, catkins, twigs, bark, or 
foliage that wildlife eat. The plants generally regen- 
erate naturally, but can be planted (fig. 14). Examples 
of native plants are oak, aspen, cherry, apple, haw- 
thorn, dogwood, plum, sumac, hazelnut, blackberry, 
grape, viburnum, blueberry, birch, and maple. Exam- 
ples of fruit-producing shrubs that are commercially 
available and suitable for planting on soils rated good 
are Russian-olive, autumn-olive, and crabapple. The 
main soil properties that affect growth of hardwood 
trees and shrubs are depth of the root zone, available 
water capacity, and wetness. 

Coniferous plants are cone-bearing trees, shrubs, or 
ground cover that furnish habitat or supply food in 
the form of browse, seeds, or fruitlike cones. They 
are commonly established through natural processes 
but can be planted or transplanted. Examples are 
pine, spruce, fir, cedar, and juniper. The main soil 
properties that affect the growth of coniferous plants 
are depth of the root zone, available water capacity, 
and wetness. 

Wetland plants are annual and perennial wild. her- 
baceous plants that grow on moist or wet sites, ex- 
clusive of submerged or floating aquatics. They produce 
food or cover for wildlife that use wetland as habitat. 
Examples of wetland plants are smartweed, wild mil- 
let, rushes, sedges, reeds, wild rice, saltgrass, cord- 
grass, and cattail. The main soil properties that affect 
wetland plants are texture of the surface layer, wet- 
ness, reaction, salinity, slope, and surface stoniness. 

Shallow water areas are bodies of surface water that 
have an average depth of less than 5 feet and that are 
useful to wildlife. They can be naturally wet areas, or 
they can be created by dams or levees or by waterfowl 
feeding areas, wildlife watering developments, beaver 
ponds, and other wildlife ponds. The main soil proper- 
ties that affect shallow water areas are depth to bed- 
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Soil 

association Grain and 

seed crops 
Fair to good ....... 
Fair to good 
Fair to very poor ___ 
Good _____________-- 
Fair to good _____- 
Good ________------- 
Fair to poor ........ 
Poor to fair ........ 


Wheatville-Grimstad 
Roliss-Towner 
Arvilla-Sioux ___________--_____- 
Hamerly-McIntosh 
Formdale-Aazdahl ______________- 
Hamerly-Aazdahl-Flom 
Barnes-Svea ___________-___-___- 
Langhei-Barnes-Formdale 


rock, wetness, surface stoniness, slope, and permea- 
bility. The availability of a dependable water supply 
is important if water areas are to be developed. 

The kinds of wildlife habitat are briefly described 
in the following paragraphs. 

Open land habitat consists of cropland, pastures, 
meadows, and areas that are overgrown with grasses, 
herbs, shrubs, and vines. These areas produce grain 


he 
pa 127 


nm ti, a 


Domestic grasses 


Good to fair -------- 
Poor to good ......- 


TABLE 4.—Potential of the soils for 


Elements of wildlife habitat 


Wild herbaceous 
plants 


Hardwood 
and legumes 


Fair to good ____---- 
Fair to good ........ 
Fair 


Very poor to fair ---- 
Fair uses 
Good ___------------ 
Fair to good ........ 
Good 
Fair to good ........ 


and seed crops, grasses and legumes, and wild her- 
baceous plants. The kinds of wildlife attracted to these 
areas include pheasant, meadowlark, field sparrow, 
killdeer, cottontail rabbit, red fox, and woodchuck. 
Woodland. habitat consists of hardwoods or conifers 
or a mixture of both, and associated grasses, legumes, 
and wild herbaceous plants. Examples of wildlife at- 
tracted to this habitat are ruffed grouse, woodcock, 


Figure 14.—These Russian-olive and hybrid elm trees were planted on an Aazdahl soil to provide food and cover for wildlife. 
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Elements of wildlife habitat Continued | Kinds of wildlife 
Coniferous Wetland Shallow-water | 

plants plants areas | Open land Woodland Wetland 
Poor to fair ________ Poor to fair (|. |  .- Poor to fair _______. | Fair to good ....... Еңіг---2-22--- Poor to fair. 
Fair =: "2... Fair to good 02. Poor to good ....... | Good ___---___----- Fair ________ Poor to good. 
Fair to very poor ___ [Very poor _________. Very poor ______--- ' Poor to fair ________ Poor .......... Very poor. 
Fair ______.______- All. ccs as Fair to poor _______-_: ОО Fair.......... Fair to poor. 
Fair to good ....... Poor саван Poor to fair || | |... Good ....... ее Fair ......... Poor. 
Fair to good _______- Poor to good Poor to good ........ Good l... reisen Fair .......... Poor to good. 
Fair to good _______- Poor to very poor ....| Poor to very poor ___ Good to fair __.___ _ Fair.......... Poor to very poor. 
Fait а а aes Poor to very good ...| Very poor to fair | Poor to good _______ Fair.......... Very poor to poor. 


thrushes, vireos, woodpeckers, tree squirrels, fox, rac- 
сооп, deer, and black bear. 

Wetland habitat consists of water-tolerant plants 
in open, marshy, or swampy shallow areas. Examples 
of wildlife attracted to this habitat are ducks, geese, 
herons, shorebirds, rails, kingfishers, muskrats, mink, 
and beaver. 


Pasture and Hayland 


For pasture and hayland use, the soils of Grant 
County were placed in seven groups. 

Table 5 shows predicted long-term average yields 
for forage crops grown in Grant County under an 
improved level of management. It provides guidelines 
to crop-yield potential of various soil groups. Yields 
are not given for forages that are not considered suit- 
able for a particular group of soils. The yield figures 
represent an average expected over a period of 10 
years. They do not take into account past management 
on a particular form. 

The requirements of good management vary accord- 
ing to the soil group. Under an improved level of man- 
agement, grasses and legumes suited to the soil are 
grown; fertilizer and manure are applied; surface and 
interval drainage provide the best growing conditions; 
grazing is rotated or seasonal; and weeds and brush 
are controlled. 

An important consideration is the plant resource 
management essential for satisfactory production. 
Plant resource management includes fertilizing to meet 
the fertility requirements of the specific plants being 
grown, adaptation of plants to soils and climatic con- 
ditions, weed and brush control, and livestock manage- 
ment that properly utilizes the forage produced. Each 
of the soil groups may have special management re- 
quirements based on soils, climatie conditions, or plant 
resources to be utilized. For additional information, 
see the pasture and hayland groups in the following 
paragraphs and the information in table 5. 


PASTURE AND HAYLAND GROUP 1 


This group consists of somewhat poorly drained to 
somewhat excessively drained, moderately coarse tex- 
tured to fine-textured, nearly level to hilly soils. These 
soils generally have medium to high natural fertility 
and moderate to very high available water capacity. 


Reaction ranges from neutral to moderately alkaline. 
Management needs include fertilization, control of 
grazing, and weed control. 


PASTURE AND HAYLAND GROUP 2 


This group consists of somewhat excessively drained, 
medium-textured to moderately fine textured, steep to 
very steep soils. These soils have low natural fertility, 
high available water capacity, and moderate content 
of organic matter. Reaction is moderately alkaline. 
The main management needs are controlling erosion, 
fertilization, control of grazing, and weed control. 


PASTURE AND HAYLAND GROUP 3 


This group consists of poorly drained to very poorly 
drained, moderately coarse textured to fine-textured, 
nearly level soils. These soils have medium to high 
natural fertility, low to high available water capacity, 
and high content of organic matter. These soils are 
subject to moderate to occasional flooding. The main 
management needs are pasture and hayland planting, 
fertilization, control of grazing, and weed control. The 
seasonal water table is at a depth of 1 to 6 feet and is 
а factor in management. 


PASTURE AND HAYLAND GROUP 4 


This group consists of poorly drained to very poorly 
drained, coarse textured and moderately coarse tex- 
tured, nearly level soils that are underlain by coarse- 
textured or fine-textured material. These soils have 
medium natural fertility, moderate to high available 
water capacity, and high content of organic matter. 
The main management needs are proper pasture or 
hayland planting, fertilization, control of grazing, 
weed control, and drainage. The seasonal high water 
table is at a depth of 1 to 6 feet. 


PASTURE AND HAYLAND GROUP 5 


This group consists of poorly drained to very poorly 
drained, moderately textured to moderately fine tex- 
tured, nearly level soils that are subject to flooding. 
These soils have medium natural fertility and high to 
very high available water capacity. The main manage- 
ment needs are proper pasture planting, fertilization, 
control of grazing, weed control, and delaying grazing 
until the soil becomes firm. The hazard of flooding and 
the seasonal high water table are significant factors in 
management of these soils. 
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TABLE 5.—Predicted yields per acre of forage crops under improved management, by pasture and hayland groups 


[Absence of a figure indicates that crops are not suited to or are not commonly grown on soils in the pasture and hayland group. 
AUM means animal-unit-months, the length of time that one animal unit (one cow, horse, or mule, or five sheep or goats) ean 
graze 1 acre without injuring the pasture] 


Pas- 

ture 

and Smooth | Intermediate Reed 
hay- bromegrass| wheatgrass |canarygrass 


Qo -3 Où бл нь сә гон 


This group consists of very poorly drained, mod- 
erately fine textured to fine textured, depressional soils. 
These soils have moderate to very high available water 
capacity and generally high natural fertility. The sea- 


1 5.2 3.5 5.2 
2 3.7 | .. = 
3 5.2 | 4.0 6.0 
4 цэн 4.0 6.0 
5 --- 4.0 6.0 
6 --- 8.0 | 45 
7 37 | --. | --- 
8 --- | ---— | --- 


CooL-SEASON GRASSES 


Green 


Orchard- | Kentucky 
needlegrass 


grass! | bluegrass | Timothy 


Tons | AUM | Tons 

3.5 5.2 2.0 3.0 2.5 
2.0 3.0 1.5 22]| ... 
3.5 5.2 2.5 3.7 3.5 
2-2 юн 2.5 3.7 3.0 
-. -- 2.5 37 | ... 
2.5 3.7 2.0 2.5 2.8 
Lee - 1.0 1.5 | --- 


Legumes 


Birds- Red 
foot elover Alsike 
trefoil 
Tons AUM Tons | AUM 
3.0 4.5 
2.0 3.0 
3.5 5.2 
2.5 3.7 
3.0 4.5 
2.8 4.0 
L2. 3.0 


! May not be winterhardy. Should only be used as part of a mixture. 
* Warm-season grasses generally not harvested. 


PASTURE AND HAYLAND GROUP 6 


PASTURE AND HAYLAND GROUP 8 


sonal high water table is at or near the surface. These areas, onsite investigation is needed. 
soils are ponded for long periods unless they are 


drained. The main management needs are proper Recreational Development 
hayland or pasture planting, fertilization, weed con- 


trol, drainage, and delaying grazing until the soil 


becomes firm. 


This group consists of somewhat poorly drained to 


PASTURE AND HAYLAND GROUP 7 


Garris 


on 


creeping 


foxtail 


Ladino 


а 
š 


юююю 
|| SOS ' 


1 1 
а 


AUM 


боа 
"n 


фи 
га SOA: | 


This group consists of coarse-textured, steep to very 
steep soils and Marsh. The coarse-textured soils are 
droughty, and Marsh is too wet or flooded. These prop- 
erties severely restrict forage production. For most 


Knowledge of soils is necessary in planning, develop- 


ing, and maintaining areas used for recreation. In ta- 
ble 6 the soils of Grant County are rated according 
to limitations that affect their suitability for camp 


excessively drained, moderately coarse textured and (fig. 15). 


coarse textured, nearly level to sloping or rolling soils 
underlain by coarse-textured material. These soils have 
low to medium natural fertility and low to very low 
available water capacity. These soils are droughty. The 
main management needs are proper pasture or hayland 
planting, fertilization, control of grazing, weed con- 


trol, and conserving moisture. 


areas, playgrounds, picnic areas, and paths and trails 


In table 6 the soils are rated as having slight, mod- 
erate, or severe limitations for the specified uses. For 
all of these ratings, it is assumed that a good cover 
of vegetation can be established and maintained. A 
limitation of slight means that soil properties gen- 
erally are favorable and limitations are so minor that 


they can easily be overcome. A moderate limitation 
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Figure 15.—Picnic area on Arvilla sandy loam, 2 to 6 percent slopes, near the outlet of Pomme de Terre Lake. 


can be overcome or modified by planning, design, or 
special maintenance. A severe limitation means that 
eostly soil reclamation, special design, intense main- 
tenance, or a combination of these, is required. 

Camp areas are used intensively for tents and small 
camp trailers and the accompanying activities of out- 
door living. Little preparation of the site is required 
other than shaping and leveling for tent and parking 
areas. Camp areas are subject to heavy foot traffic 
and limited vehicular traffic. The soils that are best 
suited to this use have gentle slopes, good drainage, à 
surface that is free of rocks and coarse fragments, 
freedom from flooding during periods of heavy use, 
and a surface that is firm after rain but not dusty 
when dry. 

Picnic areas are attractive natural or landscaped 
tracts used primarily for preparing meals and eating 
outdoors. These areas are subject to heavy foot traffic. 
Most of the vehicular traffie, however, is confined to 


access roads. The soils that are best suited to this 
use are firm when wet but not dusty when dry, are 
free of flooding during periods of use, and do not have 
slopes or stoniness that greatly increases the cost of 
leveling sites or of building access roads. 

Playgrounds are areas used intensively for baseball, 
football, badminton, and similar organized games. 
Soils suitable for this use need to withstand intensive 
foot traffic. The best soils have a nearly level surface 
that is free of coarse fragments and outcrops of rock, 
good drainage, freedom from flooding during periods 
of heavy use, and a surface that is firm after rain but 
not dusty when dry. If grading and leveling are re- 
quired, depth to rock is important. 

Paths and trails are used for local and cross-country 
travel by foot or horseback. Design and layout should 
require little or no cutting and filling. The soils that 
are best suited to this use are at least moderately well 
drained, are firm when wet but not dusty when dry, 
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TABLE 6.—Limitations of the soils for recreational uses, by recreation group 


Recreation 
group 


Camp areas Picnic areas 


Slight where slopes are 0 
to 6 percent. 

Moderate where slopes are 
6 to 12 percent. 

Severe where slopes are 
more than 12 percent. 


0 to 6 percent. 


6 to 12 percent. 
Severe where slopes 


Moderate: too clayey ....| Moderate: 


13 Moderate where slopes are 
0 to 12 percent: too 
sandy. 

Severe where slopes are 


more than 12 percent. 


0 to 12 percent: 
sandy. 
Severe where slopes 


Severe: wet Severe: 


Slight where slopes are 


Moderate where slopes are 


more than 12 percent. 


too clayey .... 


Moderate where slopes are 


more than 12 percent. 


Playgrounds Paths and trails 


Slight where slopes are 
0 to 2 percent. 

Moderate where slopes 
are 2 to 6 percent. 

Severe where slopes are 
more than 6 percent. 


Slight where slopes are 0 
to 18 percent. 

Moderate where slopes are 
18 to 25 percent. 

Severe where slopes are 
more than 25 percent. 


are 


Moderate where slopes are | Moderate: too clayey. 
0 to 6 percent: too 
clayey. 

Severe where slopes are 


more than 6 percent. 


Moderate where slopes are 
0 to 25 percent: too 
sandy. 

Severe where slopes are 
more than 25 percent. 


Moderate where slopes are 
0 to 6 percent: too 
sandy. 

Severe where slopes are 
more than 6 percent. 


too 


are 


Severe: wet. 


Severe: wet 


*The soils of the Sioux series have severe limitations for all uses because they are too sandy. 


are flooded not more than once during periods of use, 
have slopes of less than 15 percent, and have few or 
no rocks or stones on the surface. 


RECREATION GROUP 1 


This group consists of excessively drained to some- 
what poorly drained, moderately coarse textured and 
moderately fine textured soils. The water table is gen- 
erally below a depth of 8 feet. Soils in this group are 
well suited to recreational uses and have no limitations 
except those caused by slope, which ranges from 0 
to more than 25 percent. 


RECREATION GROUP 2 


This group consists of well drained and moderately 
well drained, fine-textured soils. The water table is 
generally below a depth of 3 feet. Texture and slope 
are the limiting soil characteristics. Slope ranges from 
1 to 12 percent. 


RECREATION GROUP 3 


This group consists of excessively drained to some- 
what poorly drained, coarse-textured soils. The water 
table is below a depth of 20 inches during periods of 
use and is generally below a depth of 60 inches. The 
sandy nature of these soils limits most recreational 
uses. Slope ranges from 0 to more than 25 percent. 


RECREATION GROUP 4 


This group consists of poorly drained and very 
poorly drained soils. The high water table is the most 
limiting soil characteristic. It is above a depth of 20 
inches at some time during periods of use. Texture 
ranges from sandy loam to silty clay. Some soils are 
subject to а hazard of flooding. Slope ranges from 0 
to 2 percent. 


Engineering Uses of the Soils * 


This section is useful to those who need informa- 
tion about soils used as structural material or as foun- 
dation material upon which structures are built. Among 
those who can benefit from this section are planning 
eommissions, town and city managers, land develop- 
ers, engineers, contractors, and farmers. 

Among properties of soils very important in en- 
gineering are permeability, strength, compaction 
characteristics, soil drainage condition, shrink-swell 
potential, grain size, plasticity, and reaction. Also im- 
portant are depth to the water table, depth to bedrock, 
and slope. These properties, in varying degrees and 
combinations, affect construction and maintenance of 
roads, airports, pipelines, foundations for small build- 
ings, irrigation systems, ponds and small dams, and 
systems for disposal of sewage and refuse. 

Information in this section of the soil survey can be 
helpful to those who— 


1. Select potential residential, industrial, com- 
mercial, and recreational areas. 

2. Evaluate alternate routes for roads, highways, 
pipelines, and underground cables. 

8. Seek sources of gravel, sand, or clay. 

4. Plan farm drainage systems, irrigation sys- 
tems, ponds, terraces, and other structures for 
controlling water and conserving soil. 

5. Correlate performance of structures already 


built with properties of the kinds of soil on 
which they are built, for the purpose of pre- 
dicting performance of structures on the same 
or similar kinds of soil in other locations. 


Ж ALVA E. BROYLES, engineer, Soil Conservation Service, as- 
sisted in the preparation of this section. 
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6. Predict the trafficability of soils for cross- 
country movement of vehicles and construc- 
tion equipment. 

7. Develop preliminary estimates pertinent to 
construction in a particular area. 


. Most of the information in this section is presented 
in tables 7, 8, and 9, which show, respectively, several 
estimated soil properties significant in engineering; 
interpretations for various engineering uses; and re- 
sults of engineering laboratory tests on soil samples. 

This information, along with the soil map and other 
parts of this publication, can be used to make interpre- 
tations in addition to those given in table 8, and it 
can also be used to make other useful maps. 

This information, however, does not eliminate the 
need for further investigation at sites selected for 
engineering works, especially works that involve heavy 
loads or that require excavations to depths greater 
than those shown in the tables (generally, depths 
greater than 6 feet). Moreover, inspection of sites, 
especially the small ones, is needed because many de- 
lineated areas of а given mapping unit may contain 
small areas of other kinds of soil that have strongly 
contrasting properties and different suitabilities or 
limitations for soil engineering. 

Some of the terms used in this soil survey have 
special meaning to soil scientists but are not known 
to all engineers. The Glossary defines many of these 
terms commonly used in soil science. 


Engineering classification systems 


The two systems most commonly used in classifying 
samples of soils for engineering are the Unified system 
(2) used by the SCS engineers, the Department of De- 
fense, and others, and the AASHTO system adopted 
by the American Association of State Highway and 
Transportation Officials (1). 

The Unified system is used to classify soils accord- 
ing to engineering uses for building material or for 
the support of structures other than highways. Soils 
are classified according to particle-size distribution, 
plasticity index, liquid limit, and organie-matter con- 
tent. Soils are grouped into 15 classes. Eight classes of 
coarse-grained soils are subdivided on the basis of 
gravel and sand content. These are identified as GW, 
GP, GM, GC, SW, SP, SM, and SC. Six classes of 
fine-grained soils are subdivided on the basis of the 
plasticity index. Nonplastic classes are ML, MH, OL, 
and OH; plastic classes are CL and CH. One class of 
highly organic soils is identified as Pt. Soils on the 
borderline between two classes are designated by sym- 
bols for both classes; for example, CL-ML. 

The AASHTO system is used to classify soils accord- 
ing to the properties that affect their use in highway 
construetion and maintenance. In this system, a soil 
is placed in one of seven basic groups ranging from 
A-1 through А-Т on the basis of grain-size distribu- 
tion, liquid limit, and plasticity index. In group А-1 
are gravelly soils that have high bearing strength, or 
the best soils for subgrade (foundation). At the other 
extreme, in group А-7, are clay soils that have low 
strength when wet and that are the poorest soils for 
subgrade. Where laboratory data are available to jus- 


tify a further breakdown, the A-1, A-2, and A-7 
groups are divided as follows: А-1-а, А-1-һ, А-2-4, 
А-2-5, А-2-6, А- 2-7, А-7-5, and А-1-6. 

USDA texture is determined by the relative pro- 
portions of sand, silt, and clay in soil material that is 
less than 2 millimeters in diameter. "Sand," “silt,” 
“clay,” and some of the other terms used in the USDA 
textural classification are defined in the Glossary. 
Stones, cobbles, and gravel are used as textural modi- 
fiers where they are present in the soil. 


Estimated soil properties significant in engineering 


Several estimated soil properties significant in engi- 
neering are given in table 7. These estimates are made 
for typical profiles, by layers that are sufficiently dif- 
ferent to have different significance for soil engineer- 
ing. The estimates are based on field observations made 
in the course of mapping, on test data for these and 
similar soils, and on experience with the same kinds 
of soil in other counties. Following are explanations 
of some of the columns in table 7. 

Depth to seasonal high water table is the distance 
from the surface of the soil to the highest level that 
ground water reaches in the soil in most years. 

USDA texture is described in the standard terms 
used by the Department of Agriculture. These terms 
take into account relative percentages of sand, silt, 
and clay in soil material that is less than 2 millimeters 
in diameter. “Loam,” for example, is soil material that 
contains 7 to 27 percent clay, 28 to 50 percent silt, and 
less than 52 percent sand. If the soil contains gravel 
or other particles coarser than sand, an appropriate 
modifier is added, for example, “gravelly loamy sand.” 
“Sand,” “silt,” “clay,” and some of the other terms 
used in USDA textural classification are defined in 
the Glossary of this soil survey. 

Liquid limit and plasticity index indicate the effect 
of water on the strength and consistence of soil ma- 
terial. As the moisture content of a clayey soil increases 
from a dry state, the material changes from a semi- 
solid to a plastic state. If the moisture content further 
increases, the material changes from a plastic to a 
liquid state. The plastic limit is the moisture content 
at which the soil material changes from a semisolid to 
a plastic state; and the liquid limit, from a plastic to 
a liquid state. The plasticity index is the numerical 
difference between the liquid limit and the plastic limit. 
It indicates the range of moisture content within 
which a soil material is plastic. Liquid limit and plas- 
ticity index are estimated in table 7, but in table 9 
the data on liquid limit and plasticity index are based 
on tests of soil samples. 

Permeability is that quality of a soil that enables 
it to transmit water or air. It is estimated on the basis 
of those soil characteristics observed in the field, par- 
ticularly structure and texture. The estimates in table 
7 do not take into account lateral seepage or such 
transient soil features as plowpans and surface crusts. 

Available water capacity is the ability of soils to 
hold water for use by most plants. It is commonly de- 
fined as the difference between the amount of water 
in the soil at field capacity and the amount of water 
at the wilting point of most crops. 

Reaction is the degree of acidity or alkalinity of a 
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TABLE 7.—Estimated soil 


[An asterisk in the first column indicates that at least one mapping unit in the series is made up of two or more kinds of soil. The 
instructions for referring to other series that appear in the first column of this table. Absence of data 


Classification 
Coarse 
Soil series sonal Depth fraction 
and high from USDA texture Unified AASHTO | greater 
map symbols water surface than 3 
inches 
Percent 
*Aazdahl: 26,900 ______._______- Clay loam -.....------------ OL A-6, A-T 0 
For Hamerly and Parnell Clay loam ___.___.._-______- CL-ML, CL А-6, A-7 0 
parts of 900, see those 
series, 
Alluvial land, frequently flooded: 
1002. 
Too variable to rate. 
Arveson: 61 ___.____________._] 1-3 0-21 | Fine sandy loam ............ SM A-4 0 
21-60 | Fine sand _________________ SM А-2 or A-3 0 
Arvilla: 341, 341B ___________ >6 0-12 | Sandy loam _______________- SM A-2, A-4 0 
12-20 | Gravelly loamy coarse sand -| SM A-2 0 
20-60 | Gravelly coarse sand ........ GP, SP, SM A-1 0 
*Barnes: 338, 9038, 9078 _______ >6 0–8 Loam ___________________- OL А-6 0 
For Langhei part of 9038 8-60 | Loam _._____._________-__- CL A-6 0 
and Svea part of 907B, see 
those series. 
Bearden: 67 ................... 3-5 0-14 | Silt loam ККЕ CL A-6 0 
14-60 | Silt loam ._________________ CL A-6 0 
Darnen: 494B_________________] >6 0-28 | ла. OL А-4 0 
28-60 | Clay loam .........-------- CL A-6, А-7 0 
Fargo: 57 |..................4 3-5 0-18 | Silty «ау ____ CH А-1 0 
18-60 | Silty clay ------------------ CH A-7 0 
Flom: 36 ____________._________ 1-3 0-17 | Silty clay loam ............. OL А-7 0 
17-21 | Clay loam .................. CL A-T 0 
21-60 | Па... CL А-6, A-7 0 
Forada: 37500... 1-3 0-8 | Sandy loam ................ SM А-4 0 
8-26 | Sandy clay loam ___________ SC А-6 0 
26-60 | Gravelly coarse sand ........ SP, GP A-1 0 
Fordville: 339 _____._________ >6 0-12 | Loam ____________________ OL A-4 0 
12-20 | Loam ___________________-_ ML А-4 0 
20-30 | Gravelly loam .............. ML А-4 0 
30-60 | Gravelly coarse sand ........ SP, GP, SM А-1 0 
*Formdale: 1718, 912B, 931B | 6 0-9 | Clay loam .................. OL A-6, А-7 0 
For Aazdahl and Flom parts 9-60 | Clay loam (| . ___________ CL A-6, А-7 0 
of 912B and Langhei part 
of 931B, see those series. 
Glyndon: 60 ____.___________ .| 2.5-6 0-10 | Silt loam .................... | OL A-4 0 
10-23 | Silt loam _____._.__________- ML А-4 0 
23-60 | Very fine sand 2... SM,ML А-4 0 
*Grimstad: 914 ._______ | 8-5 0-15 | Very fine sandy loam ........ ML А-4 0 
For Towner part, see Towne 15-26 | Loamy fine sand _______.__ SM A-2 0 
series. 26-60 | Clay loam _____.___________- CL A-6 0 
*Hamerly: 184, 92. 3-5 0-8 | Clay loam .................. OL A-6 0-3 
For Parnell part of 922, see 8-60 | Clay loam __-_____.___.____- CL А-6, A-7 0-3 
Parnell series. 
Hecla: 366 0. 3-5 0-15 | Loamy fine sand .___________ SM А-2 0 
15-60 | Fine sand 2... SM, SP-SM A-2, A-3 0 
Kittson: 58 4 .. ____ 2.5-5 0-17 | Very fine sandy loam ........ OL, CL-ML, A-4 0 
M 
17-60 | Clay loam ................. CL A-6, A-7 0 
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properties significant in engineering 


soils in such mapping units may have different properties and limitations, and for this reason it is necessary to follow carefully the 
indicates that no estimate was made. The symbol > means greater than; the symbol < means less than] 


Percentage less than 3 inches Corrosivity to— 
passing sieve— . 
Liquid Plas- Permea- | Available Shrink- 
No. 40 | No. 200| limit tieity bility water Reac- swell Uncoated 
capacity potential steel Concrete 
Inches 
Inches per per inch 
Percent hour ој вой pH 
95-100 ¦ 95-100 | 85-100 | 70-85 | 35-50 11-23 0.2-0.6 0.17-0.19 | 6.6-7.3 | Moderate ...| Moderate ___| Low. 
95-100 | 90-100 | 85-100 | 70-85 | 80-50 11-30 0.2-0.6 0.14-0.19 | 6.6-8.4 | Moderate ...| Moderate ..| Low. 
100 | 95-100 | 70-85 86-50 | 10-23 |? NP-4 2.0-6.0 0.16-0.18 | 7.9-8.4 | Low ..----- High ....... Low 
100 | 95-100 | 70-80 5-85 |....... NP 2.0–6.0 0.07-0.09 | 7.4-7.8 | Low ------- High ....... Low. 
95-100 | 95-100 | 60-70 30—45 | 10-20 NP-4 2.0—6.0 0.18-0.15 | 6.6–7.8| Low ....... Low _______ Low 
75-95 60-75 50-65 20-85 |....... NP 6.0-20.0 | 0.05-0.08 | 74-78 Low ....... Low ....... Low 
35-70 80-60 15-35 2-25 | ....... NP 6.0-20.0 | 0.02-0.04 | 74-18 | Low ...... Low ....... Low. 
95-100 195-100 | 85-95 60-15 | 20-40 5-20 0.6-2.0 0.20-0.22 | 6.6–7.8 | Low ....... Low ....... Low. 
95-100 | 90-100 | 85-95 60-75 | 25-40 11-25 0.2-2.0 0.17-0.19 | 6.6-8.4 | Moderate ___| Low ....... Low. 
100 100 | 90-100 | 75-95 | 20-40 11-80 0.6-2.0 0.22-0.24 | 7.9-8.4 | Moderate ...| High ....... Low. 
100 100 190-100 | 75-95 | 20-40 11-80 0.2-2.0 0.20-0.22 | 7.9-8.4 | Moderate ...| High _____- Low. 
100 100 | 85-95 60-85 | 20-40 3-10 0.6–2.0 0.20-0.22 | 6.6–7.8 | Low ....... High ....... Low. 
95-100 | 95-100 | 80-95 70-80 | 30-50 11-25 0.6-2.0 0.14-0.19 | 6.6-7.8 | Moderate __|Шећ______- Low 
100 100 | 95-100 | 90-95 | 50-75 25-45 0.06-0.2 0.18-0.22 | 6.6-7.8 | High ....... High ....... Low 
100 100 | 95-100 | 90-95 | 50-75 25-45 0.06-0.2 0.11-0.16 | 79-84 | High ....... High ....... Low 
98-100 | 95-100 | 95-100 | 80-90 | 41-50 11—23 0.2–0.6 0.18-0.22 | 6.6–7.8 | Moderate .. | High .____._ Low. 
98-100 | 95-100 | 90-100 | 70-80 | 41-50 15-30 0.2-0.6 0.15-0.19 | 6.6-7.3 | Moderate _ | High .. ... Low. 
98-100 | 95-100 | 85-95 65-80 | 80-50 11-30 0.2-0.6 0.17-0.19 | 7.4-8.4 | Moderate .. | High _______ Low. 
90-100 | 90-100 | 60-80 86-50 | 15-30 | NP-4 2.0-6.0 0.13-0.15 | 74-78 | Low _______ High ....... Low 
90-100 | 90-100 | 75-85 36-50 | 20-40 11~20 0.6–2.0 0.16–0.20 | 7.4-7.8 | Low ....... High ....... Low. 
30-60 25-50 10-30 2-5 |....... NP 6.0-20.0 | 0.02-0.04 | 74-78 | Low _______ High ....... Low. 
100 100 | 85-95 60-85 | 20—40 3—10 0.6-2.0 0.20-0.22 | 6.6-7.3 | Moderate __| Low .. .... Low. 
95-100 | 95-100 | 80-90 60-80 | 20-40 3-10 0.6–2.0 0.17-0.19 | 6.6-7.3 | Moderate .. | Low ______. Low. 
70-85 65-80 55-15 50-60 | 20-35 1-10 0.6-2.0 0.12-0.14 | 7.9-8.4 | Low ....... Low ....... Low. 
35-70 20-50 10-80 2-25 |....... МР 6.0-20.0 | 0.02-0.04 | 7.9-8.4 | Low _______ Low ....... Low. 
95-100 | 95-100 | 85-100 | 70-85 | 85-50 10-23 0.2-0.6 0.17-0.19 | 6.6-7.3 | Moderate | | Moderate __ | Low. 
95-100 | 95-100 | 85-100 | 70-85 | 30--50 11-30 0.2-0.6 0.14-0.16 | 6.6-8.4 | Moderate ...| Moderate |! Low. 
100 100 | 90-100 | 70-90 | 25-40 2-10 0.6–2.0 0.22-0.24 | 7.9-8.4 | Low ____.__ High ....... Low 
100 100 | 90-100 | 70-90 | 20-40 2-10 0.6-2.0 0.20-0.22 | 7.9-8.4 | Low |... High ....... Low. 
100 100 | 75-90 85-60 | 10-80 0-10 2.0-6.0 0.15-0.17 | 7.9-8.4 | Low _____-- High ....... Low. 
100 100 | 85-95 50-65 | 20-35 2-10 2.0—6.0 0.17-0.19 | 7.9-8.4 | Low ....... High ....... Low. 
100 | 95-100 | 70-80 15-35 0-10 0-4 2.0—6.0 0.09-0.11 | 7.4-8.4 | Low _______ High |...... Low. 
95-100 |95-100 | 85-90 55-80 | 30-40 11-25 0.6-2.0 0.14-0.16 | 7.4-8.4 | Moderate .. | High ....... Low. 
95-100 | 90-100 | 85-95 65-80 | 20-40 11-20 0.2-2.0 0.17-0.19 | 7.9-8.4 | Moderate | | High _______ Low. 
95-100 | 90-100 | 85-95 65-80 | 25-45 15-25 0.2-0.6 0.14–0.16 | 7.4-8.4 | Moderate .. | High ....... Low. 
100 100 | 75—90 12-25 |... NP 6.0-20.0 | 0.11-0.15 | 6.6-7.3; Low ....... High ....... Low. 
100 100 | 70-80 5-20 | ....... NP 6.0–20. 0.05-0.08 | 6.6—7.8 | Low ....... High ....... Low. 
100 100 | 85-96 50-65 | 15-30 2-10 2.0–6.0 0.15-0.19 | 6.6-7.8 | Low ....... High ....... Low. 
95-100 | 94-100 | 85-95 70-80 | 30-50 15-30 0.2-0.6 0.14-0.16 | 7.4-7.8 | Moderate | | High ...... Low. 
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TABLE 7.—E'stimated soil 


Classification 
Coarse 
Soil series fraction 
and USDA texture Unified AASHTO | greater 
map symbols than 3 
inches 
Inchea Percent 
Kittson variant: V58 | | | 1-3 0-21 | Fine sandy loam ............ SM A-4 0 
21-60 | Clay loam .................- CL А-б 0 
Lake beaches: 1032. 
Too variable to rate. 
Lamoure: 418, 359 ________. 1-5 0-19 | Silt loam __________________- OL A-4 0 
19-43 | Silty clay loam ...........- CL А-Т 0 
48-60 | Sandy loam ................ SM A-2 or A-4 0 
*Langhei: 220Е, 942С2, 94202, 76 0-5 | Loam _._____-_---__---__-- CL A-6 0 
943C2, 943D2. 5-60 Loam __-___--__-_---------- СІ, А-б 0 
For Barnes parts of 942C2 
and 942D2 and Formdale 
parts of 943C2 and 943D2, 
see those series. 
Maddock: 458,450.._._._.._.__- >6 0-12 | Loamy sand ... ... ........ SM А-2 0 
12-60 | Fine sand ... SM, SP-SM A-2, A-3 0 
Marsh: 1053. 
No classification possible. 
Onsite inspection needed. 
McIntosh: 108 __._____________ 3-5 0-9 Silt loam ____________-__-_- OL A-4 0 
9-27 | Silt loam ________________ ML А-4 0 
27-60 | Clay loam _________________ CL A-6, A-7 0 
Oldham: 276 .. .............. 0-4 0-39 | Silty clay loam ____________ OL A-7 0 
39-60 | Silty clay loam __________ CL А-Т 0 
Parnell: 34..... .........___| 0-2 0-19 | Silty clay loam ............. OH А-Т 0 
19-41 | Silty clay ________________ CH А-Т 0 
41-60 | Silty clay loam ............. CL А-Т 0 
Quam: 344 РЕ --- 0-2 0-17 | Silty clay loam ------------- OL А-Т 0 
17-60 | Silty clay loam ............. CL A-T 0 
*Rockwell: 63,970 |... | 0-3 0-13 | Loam ___________.._____--- OL А-4 0 
For Vallers part of 970, see 18-24 | Sandy loam ................ SM А-4 0 
Vallers series. 24-35 | Fine sand ________________ SM А-2 0 
35-60 | Clay loam .......... 2224-22. СІ, А-б 0 
*Roliss: 582,971,972.... ._...} 1-3 0-11 | Loam | (0 ee OL A-6 0 
For Vallers part of 972, see 11-16 а... CL A-6 0 
Vallers series. 16-60 | Clay loam .................. cL А-Т 0 
Rothsay: 2908 ...... -... .. <6 0-15 | о. ML А-4 0 
15-60 | Silt loam _________________- | МІ, А-4 0 
Sioux: 2128, 2120 1... __ | <6 0-16 | Silty дау... | OH, MH А-1 0 
16-60 | Silty clay _____________-__- MH A-7 0 
Sioux: 402B, 402C, 4020 __.__. >6 0-9 | Loamy coarse sand ......... | SM А-2 0 
9-60 | Gravelly coarse sand ........ | SP-SM, GM, A-1 0 
*Svea: 70,962 . ...........-| 3-6 0-15 | Loam 22-22 ___ OL A-6 0 
For Hamerly part of 962, see 15-60 | Loam .__-._ --__--__--__---- CL A-6 0 
Hamerly series. 
Sverdrup: 1278 _____..___.._... >6 0-15 | Sandy loam ................ SM А-4 0 
15-24 | Loamy sand ................ SM A-2 0 
24-60 | Sand _____________.______- SM-SP, SP A-3 0 
Towner: 330. .. ............ 8-5 0-9 | Fine sandy loam ............ SM А-4 0 
9-26 | Loamy fine sand ............ SM A-2 0 


GRANT COUNTY, MINNESOTA 61 


properties significant in engineering—Continued 


Percentage less than 3 inches Corrosivity to— 
passing sieve— 
Plas- Permea- | Available Shrink- 
No. 200| limit ticity bility water Reac- swell Uncoated 
(4.7 (2.0 index capacity tion potential steel Concrete 
mm) mm) 
Inchea 
Inches per per inch 
Percent hour of вой pH 
100 100 | 70-80 36-50 | 15-25 1-4 2.0-6.0 0.15-0.18 | 7.4-7.8 | Low _______ High ...... 1 Low. 
95-100 | 95-100 | 90-100 | 65-80 | 20-40 11-25 0.2-0.6 0.14-0.16 | 7.4-7.8 | Moderate __| High ...... Low. 
100 100 | 90-100| 75-95| 25-40 3-10 0.6–2.0 0.20-0.22 | 7.9-8.4 | Moderate __| High _____ | Low. 
100 100 | 90—100 | 70-80; 41-50 15-35 0.6-2.0 0.16–0.22 | 7.9-8.4 | Moderate ...| High _____ | Low. 
100 | 95-100 | 60-70 80-40 | 10-25 2-4 2.0-6.0 0.11-0.13 | 7.4-7.8 | Low _______ High __..._ Low. 
95-100 | 90-100 | 80—90 60-75 | 20-40 11-20 0.6-2.0 0.20-0.22 | 7.9-8.4 | Moderate __| Low _______ Low. 
95-100 | 90-100 | 80-90 60-75 | 80-40 11-25 0.6-2.0 0.17-0.19 | 7.4-8.4 | Moderate .. | Low ______ | Low. 
100 100 | 65-95 15-35 | _______ NP 6.0-20.0 | 0.10-0.12 |66-73 | Low _______ Moderate ._; Low. 
100 | 95-100 | 70-100 5-85 | ______ NP 6.0-20.0 | 0.05-0.08 | 6.6-8.4 Low . ..... Moderate | Low. 
| 
100 100 | 90-100 70-90, 20-40 5-10 0.6–2.0 0.22-0.24 | 7.9-8.4 | Low ....... High ......; Low. 
100 100 | 90-100 | 70-90 | 20-40 2-10 0.6-2.0 0.20-0.22 | 7.4-8.4 | Low _______ High ....... | Low. 
95-100 | 95-100 | 85-95 10-80 | 30-50 15-30 0.2-0.6 0.14-0.16 | 7.4-7.8 | Moderate __| High _____ 4 Low 
100 100 | 95-100 | 85-95; 41-50 15-23 0.06-0.2 0.18-0.22 | 7.4-8.4 | High ______ -| High ....... Low 
100 | 95-100 | 90-100 | 80-90 | 41-50 15-35 0.06–0.2 0.16-0.19 | 7.9-8.4 | High ______ High ....... Low 
100 100 | 95—100 | 85-95) 50-70 15-35 0.2-0.6 0.18-0.22 | 6.6-7.3 | High _______ High ______- Low 
100 100 | 95-100 | 90-95 | 50-80 80-50 0.06-0.2 0.13-0.16 | 6.6-7.8 | High ..... High ....... Low. 
95-100 | 95-100 | 85-95 80-90 | 41-50 15-35 0.06-0.2 0.16-0.19 | 7.4-7.8 | High | | | High ___.___ Low 
100 100 |95-100| 85-95| 41-50 11-20 0.2-0.6 0.18-0.22 | 6.6-7.3 High... .... High ....... Low 
100 | 95-100 | 90-100 80-90 41-50 11-20 0.2-0.6 0.16-0.22 | 6.6-7.8 | High _______ High ....... Low. 
100 100 | 85-95 60-75 | 20-40 1-10 0.6-2.0 0.20-0.22 | 7.9-8.4 | Low ______ High ______ Low 
100 100 | 60-70 86-50 | 15-80 | NP-4 2.0-6.0 0.13-0.15 | 7.9-8.4 | Low _______ High ......j Low. 
100 100 | 70-80 15-30| _._.__- NP 6.0-20.0 | 0.05-0.08 | 7.4-8.4 | Low _______ High _____| Low. 
95-100 | 95-100 | 85-100| 65-90 | 20-40 11-20 0.2-0.6 0.14-0.16 | 7.4-7.8 | Moderate _ | High ______ Low. 
95-100 | 95-100 | 80-95 60-75 | 20-40 11-20 0.6–2.0 0.20-0.22 | 7.4-7.8 | Moderate __ | High _____ | Low. 
95-100 | 95-100 | 80-90 65-80 | 20-40 11-25 0.6–2.0 0.17-0.19 | 7.4-7.8 | Moderate | | High ______| Low. 
95-100 | 95-100 | 80-90 70-85 | 41-50 15-80 0.2-0.6 0.14-0.16 | 7.4-7.8 | Moderate. . | High _______ Low. 
100 100 | 90-100! 70-90| 20-40 4-10 0.6-2.0 0.22-0.24 | 6.6-7.3 | Low ______.| Low _______ Low 
100 100 | 90-100; 70-90 | 20-40 3-10 0.6–2.0 0.20-0.22 | 6.6-7.8 | Low ______ Low ______| Low. 
100 100 | 95-100 | 90-95| 50-70 20-85 |<20.06-0.2 0.14-0.17 | 7.4-7.8 | High . .... High ______| Low. 
100 100 | 95-100 | 90-95! 50-70 15-85 |<0.06-0.2 0.11-0.16 | 6.6-7.8 | High _______ High ______| Low. 
80-90 60-80 80-40 15-80 | ...... МР 6.0–20.0 0.6-0.10 | 7.4-7.8 | Low . ____- Low ......]| Low 
35-70 20—50 10-30 5-25 | ______ МР 6.0-20.0 | 0.02-0.04 | 7.9-8.4 | Low ______ Low ______ Low. 
95-100 | 95-100 | 85-95 60-75 | 20-40 11-20 0.6-2.0 0.20-0.22 | 6.6-7.8 | Low |). ... High ______ Low. 
95-100 | 95-100 | 85-95 60-80 | 20-40 11-25 0.2-0.6 0.17-0.19 | 6.6-8.4 | Moderate | | High _____ Low. 
100 100 | 60—70 85-50 | 10-20 | NP-4 2.0-6.0 0.12-0.15 | 6.6-7.3 | Low _______ Low ____ .| Low 
100 | 95-100 | 50—75 15-80| ...... NP 6.0-20.0 | 0.09-0.11 | 6.6-7.3 Low _______ Low ...... | Low 
100 | 95-100 | 50—60 2-10| ...... NP 6.0-20.0 | 0.05-0.07 | 7.4-7.8 | Low _______ Low ...... j Low. 
100 100 | 60-85 36–45 | _____._ NP 2.0-6.0 0.16-0.18 | 6.6-7.3 | Low . .. .. High ....... Low 
100 100 | 50-80 20-85 | ....... NP 6.0-20.0 | 0.10-0.12 | 6.6-7.8 | Low _______ High ...... 4 Low. 
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Soil series 
and 
map symbols 


Urness: 


Vallers: 


Waukon: 38C, 38D 


Wheatville: 343 


*NP=nonplastic. 


SOIL SURVEY 


Depth 
to sea- 
sonal Depth 
high from USDA texture 
water surface 
table 
Feet Inches 
26-44 |Тоат ..........------------ 
44-60 |Clay loam 
2-4 0-16 |Loamy fine sand __ 
16-60 |Fine sand 
0-3 0-28 {Mucky silt loam 
28-60 |Silty clay loam 
1-3 0-8 |Clay loam .................- 
8-25 |Clay loam __ 
25-60 |Loam ...................... 
256 0-9 Loam ...................... 
9-27 Clay loam 
27-60 |Loam ____________________- 
2.5-5 0-13 |Very fine sandy loam 
13-20 | Very fine sandy loam 
20-29 |Loamy very fine sand 
29-60 !|Silty clay 


TABLE 7.—Estimated soil 


Classification 


Unified 


ML 
CL 


SM 
SM, SP-SM 


AASHTO 


Coarse 
fraction 
greater 

than 3 
inches 


Percent 


0-2 
0-2 


SOS Фе o ooo oco oo 


TABLE 8.—Interpretations of 


[An asterisk in the first column indicates that at least one mapping unit in the series is made up of two or more kinds of soil. 


Soil series Septic tank 
and absorption 
map symbols fields 

*Aazdahl: 26, Severe: 

900. moderately 
For Hamerly slow per- 
and Parnell meability. 
parts of 
900, see 
those 
series. 

Alluvial land, fre- | Severe: 
quently flooded: hazard of 
1002. flooding; 

seasonal 
high water 
table. 

Arveson: 61 ____| Severe: sea- 

sonal high 
water ta- 
ble; hazard 
of pollu- 
tion. 


Sewage 
Jagoons 


Moderate: 
Seasonal 
high water 
table. 


Severe: haz- 
ard of 
flooding; 
seasonal 
high water 


table. 


Severe: 
moderately 
rapid per- 
meability; 
high water 
table. 


Degree and kind of limitation for— 


Dwellings 
Shallow with 
excavations basements 
Moderate: Moderate: 
moderately moderate 
well shrink- 
drained; swell po- 
clay loam. tential; 
moderately 
well 
drained. 
Severe: haz- | Severe: haz- 
ard of ard of 
flooding; flooding ; 
seasonal seasonal 
high water high water 
table. table. 
Severe: Severe: 
very poorly very poorly 
drained drained to 
to poorly poorly 
drained; drained; 
high water high water 
table. table. 


Sanitary 
landfill 


Local roads 
and streets 


Suitability as 


carefully the instructions for referring to other 


Source of— 


Road fill 


Severe: sea- | Severe: 
sonal high high frost- 
water table. action po- 

tential. 

Severe: Severe: 
subject to hazard of 
frequent flooding. 
flooding; 
seasonal 
high water 
table. 

Severe: Severe: 
very poorly very poorly 
drained drained 
to poorly to poorly 
drained; drained; 
moderately high frost- 
rapid per- action po- 
meability. tential. 


Poor: 


Poor: 


Poor: 


high 
frost-action 
potential. 


‘poorly 
drained; 
variable 
material. 


very 
poorly 
drained 

to poorly 
drained; 
high frost- 
action po- 
tential. 
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properties significant in engineering —Continued 
Percentage less than 3 inches Corrosivity to— 
passing sieve— 
Liquid Plas- Permea- | Available Shrink- 
No. 4 Мо. 10 | No. 40 | No. 200| limit ticity bility water Reac- swell Uncoated 
(4.7 (2.0 А (0.074 тдех capacity potential steel Concrete 
mm) mm) 
Inches 
Inches per per inch. 
Percent hour of soil pH 
92-100 | 95-100 | 80-95 60-75 | 20-40 2-10 0.6-2.0 0.17-0.19 | 7.9-8.4 | Low ....... Не. Low. 
92-100 | 95-100 | 85-95 | 65-80 | 30-50 | 11-30 | 0.20.6 | 0.14-0.16 | 7.9-8.4 | Moderate | High ____| Low 
100 | 100 | 80-95 36-50 0—10 0-4 6.0-20.0 | 0.10-0.12 | 7.4-8.4 | Low ______ Low _____| Low. 
100 | 95-100 | 70-80 5-35 | | NP 6.0-20.0 | 0.05-0.08 | 74-84 | Low . ..... Low ......] Low. 
100 100 | 90-100 | 70-90 | 20-40 5-10 0.6–2.0 0.22-0.24 | 7.4-8.4 | Moderate | | High ______ 4 Low 
95-100 | 95-100 | 85-100 | 80-90! 41-50 15-30 0.2-0.6 0.16-0.19 | 7.4-7.8 | Moderate ___| High ...... Low 
95-100 | 95-100 | 95-100 | 65-80 | 30-50 11-20 0.2-0.6 0.17-0.19 | 7.9-8.4 | Moderate .. | High _____| Low. 
95-100 | 90-100 | 90-100 | 65-80 | 20-40 11-20 0.2-0.6 0.14-0.19 | 7.9-8.4 | Moderate .. | High _____ Low 
95-100 | 90-100 | 85-100 | 60-80 | 20-40 11-20 0.2-0.6 0.17-0.19 | 7.4-7.8 | Low ....... High ...... | Low. 
95-100 | 90-100 | 85-95 60-75 | 20—40 11-20 0.6-2.0 0.20-0.22 | 6.6-7.3 | Moderate __| Low ......j Low. 
95-100 | 90-100 | 85-95 60-80 | 30-50 15-30 0.6–2.0 0.15-0.19 | 6.6-7.3 | Moderate ...| Low |... Low 
95-100 | 90-100 | 85-95 50—75 | 20—40 11-20 0.6-2.0 0.17-0.19 | 7.4-1.8 | Moderate __| Low ______ Low 
100 100 | 85-95 50-65 | 20-40 4-10 2.0-6.0 0.17-0.22 | 7.9-8.4 | Low _______ High ______] Low. 
100 100 | 85-95 50-65 | 15-35 4—10 2.0–6.0 0.15-0.19 | 7.9-8.4 | Low ....... High ______ Low. 
100 100 | 90-95 50-70 | 15-80 4-10 2.0—6.0 0.12-0.14 | 7.9-8.4 | Low . ..... High ______ Low 
100 100 | 95-100 | 90-95 | 50-70 23-40 0.06–0.2 0.11-0.15 | 7.4-7.8 | High _____ High _____ | Low. 
| 


engineering properties of the soils 


The soils in such mapping units may have different properties and limitations, and for this reason it is necessary to follow 
series that appear in the first column of this table] 


Suitability as source of— Cont, Soil features affecting— 
Pond Embankments, Drainage of 
Topsoil reservoir dikes, and eropland and Irrigation Terraces and Waterways 
areas levees pasture diversions 
Not suitable _ | Fair: clay Favorable: Fair compac- Not needed | Moderately Not needed: Favorable for 
loam sur- seasonal tion charac- slow perme- nearly establish- 
face layer. high water teristics; ability; level. ment. 
table ata medium com- moderately 
depth of 3 pressibility ; well 
to 5 feet. medium to drained; 
low shear high avail- 
strength. able water 
capacity. 
ariable mate- | Poor: poorly| Seasonal high Variable ma- Subject to Subject to Not needed: N.t needed: 
rial; each drained. water table; terial; each frequent frequent nearly nearly 
site needs variable site needs flooding; flooding; level. level. 
checking. material. checking. outlets dif- seasonal 
fieult to high water 
obtain; table. 
high water 
table. 
airforsand: | Poor: very Water table at | Underlying High water Very poorly Not needed: Not needed: 
fine sand. poorly а depth of 1 material has table. drained to nearly nearly 
nsuitable for drained to to 8 feet; high perme- poorly level. level. 
gravel. poorly moderately ability when drained; 
drained. rapid perme- compacted; moderate 
ability. medium to available 
high suscep- water 
tibility to capacity. 
piping. 
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TABLE 8.—Interpretations of 


. ИГ Suitability as 
Degree and kind of limitation for— source of-— 
Soil series Septic tank Dwellings 
and absorption Sewage Shallow with Sanitary Local roads Road fill 
map symbols fields lagoons excavations basements landfill and streets 
Arvilla: 341, Slight: haz- | Severe: Severe: Slight ....... Severe: i -------| Good -_.__._. 
341B. ard of pol- rapid per- gravelly rapid per- 
lution. meability coarse sand meability 
in under- substra- in under- 
lying ma- tum; poor lying ma- 
terial; poor stability. terial. 
reservoir 
material. 
*Barnes: 338, Moderate Moderate Slight where | Moderate Slight where | Moderate Fair: low 
903B, 907B. where where slopes are where slopes are where strength, 
For Langhei slopes are 2 slopes are 2 to 6 per- slopes are 2to 12 slopes are frost- 
part of to 12 per- less than 6 cent. less than percent. 2 to 12 action 
903B and cent: percent: Moderate 12 percent: | Moderate percent. potential. 
Svea part moderate moderate where moderate where Severe where 
of 907B, see permea- permeabil- slopes are shrink- slopes are slopes are 
those bility. ity. 6 to 12 swell poten- 12 to 18 12 to 18 
series. Severe where | Severe where percent. tial. percent. percent. 
slopes are slopes are Severe where | Severe where 
more than more than slopes are slopes are 
12 percent. 6 percent. more than more than 
12 percent. 12 percent. 

Bearden: 67 __._| Moderate: Moderate: Severe: Severe: Moderate: Severe: Poor: high 
seasonal moderate to somewhat somewhat seasonal high frost- frost-action 
high water moderately poorly poorly high water action po- potential. 
table. slow per- drained. drained. table. tential. 

meability; 
seasonal 
high water 
table. 

Darnen: 4948 | | Slight ______| Moderate Slight ...... Moderate: Slight: soil | Severe: too | Severe: too 
where moderate found only clayey. clayey. 
slopes are 2 shrink- in small 
to 6 per- swell poten- areas. 
cent: tial. 
moderate 
permeabil- 
ity; hazard 
of seepage. 

Fargo: 57 _____- Severe: Slight _____. Severe: Severe: Severe: sea- | Severe: Poor: high 
slow perme- poorly poorly sonal high high shrink- 
ability; drained; drained; water shrink- swell po- 
subject to silty clay. high table; swell po- tential; 
frequent shrink- silty clay. tential; high frost- 
flooding. swell po- high frost- action po- 

tential; sea- action po- tential; 
sonal high tential. poorly 
water table. drained. 

Flom: 36 ...... Severe: sea- | Severe: sea- | Severe: Severe: Severe: Severe: Poor: 
sonal high sonal high poorly poorly poorly poorly poorly 
water ta- water table. drained; drained; drained; drained ; drained; 
ble; moder- seasonal seasonal seasonal high frost- high frost- 
ately slow high water high water high water action po- action po- 
perme- table. table. і table. | tential. tential. 
ability. | 

1 
| 

Forada: 375 ____| Severe: sea-| Severe: Severe: Severe: Severe: Severe: Poor: very 
sonal high high water very poorly very poorly rapid per- very poorly poorly 
water table; haz- drained | drained meability in drained drained 
table; haz- ard of pol- and poorly and poorly underlying and poorly and poorly 
ard of pol- lution. drained; drained; material; drained. drained; 
lution. poor sta- seasonal very poorly high frost- 

bility. high water drained action po- 
table. and poorly tential. 
drained. 
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Screening. 
(Sand and 
gravel are 
mixed.) 


INot suitable .. 


Not suitable 


Not suitable 


Good: sand 
and gravel 
are mixed; 
hazard of 
wetness. 


Suitability as source of— Cont. 


8 suitable __ 


Not suitable . 


-4 Poor: 


Topsoil 


Fair: sur- 
face layer 
less than 
16 inches 
thick. 


Fair: sur- 
face layer 
8 to 16 
inches 
thick. 


Fair: sur- 
face layer 
less than 
16 inches 
thick. 


Poor: silty 
clay; 
poorly 


drained. 


poorly 
drained. 


Poor: very 
poorly 
drained 
and poorly 
drained. 


Rapid permea- 


Moderate per- 


Moderate per- 


Favorable: 


Favorable 


Pond 
reservoir 
areas 


bility in 
underlying 
material. 


meability ; 
slope. 


Moderate to 


moderately 
slow permea- 
bility; haz- 
ard of seep- 
age. 


meability ; 
hazard of 
Seepage. 


extensive 
diking 
needed. 


Water table at 


а depth of 1 
to 3 feet; 
rapid perme- 
ability in 
underlying 
material. 


Embankments, 
dikes, and 
levees 


Underlying ma- 
terial has 
high permea- 
bility when 
compacted ; 
susceptibility 
to piping. 


Medium to low 
shear 
strength; 
medium com- 
pressibility. 


Medium to low 
shear 
strength. 


Medium to low 
shear 
strength; 
medium com- 
pressibility. 


High com- 
pressibility ; 
fair to poor 
compaction 
characteris- 
ties; low 
Shear 
strength. 


Medium to low 
shear 
strength; 
medium com- 
pressibility. 


Underlying ma- 
terial has 
high permea- 
bility when 
compacted; 
susceptibility 
to piping; 
erodes easily. 


Drainage of 
cropland and 
pasture 


Not needed: 
somewhat 

excessively 
drained. 


Not needed: 
well 
drained. 


Outlets diffi- 
cult to 
obtain. 


Not needed: 
moderately 
well 
drained to 
well 
drained. 


Slow permea- 
bility; high 
water table. 


Moderately 
slow perme- 
ability; 
high water 
table. 


Sand and 
gravel sub- 
soil ata 
depth of 2 
to 3 feet; 
high water 
table. 


Soil features affecting— 


Irrigation 


Low available 
water ca- 
pacity; 
shallow 
root zone; 
rapid in- 
take rate. 


Features 
favorable; 
slope. 


Somewhat 
poorly 
drained; 
moderately 
alkaline. 


Features 
favorable. 


Slow permea- 
bility; 
poorly 
drained. 


Poorly 
drained 


Poorly 
drained 
and very 
poorly 
drained; 
high water 
table. 


Terraces and 
diversions 


Shallow; 
gravelly 
coarse 
sand be- 
low a depth 
of 1 to 2 
feet; erodes 
easily. 


Features 
favorable; 
slope. 


Not needed: 
nearly 
level. 


Features 
favorable. 


Not needed: 
nearly 
level. 


Not needed: 
nearly 
level. 


Not needed: 
nearly 
level. 


Waterways 


Shallow; 
gravelly 
coarse 
sand below 
a depth of . 
1 to 2 feet; 
difficult to 
vegetate. 


Features 
favorable; 
slope. 


Not needed: 
nearly 
level. 


Features 
favorable. 


nearly 
level, 


Not needed: 
nearly 
level. 


Not needed: 
nearly 
level. 
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Soil series 
and 


Septic tank 
absorption 


SOIL SURVEY 


Degree and kind of limitation for— 


Dwellings 
with 
basements 


map symbols fields lagoons excavations 
Fordvile: 339 | Slight: 


*Formdale: 
171B, 912B, 
931B. 

For Aazdahl 
and Flom 
parts of 
912B and 
Langhei 
part of 
931B, see 
those 
series. 

Glyndon: 60 


*Grimstad: 914 
For Towner 
part, see 
Towner 
series. 


*Hamerly: 184, 
922. 
For Parnell 
part of 922, 
see Parnell 


series. 


Hecla: 366 


hazard of 
pollution. 


Severe: 
moderately 
slow per- 
meability. 


-| Moderate: 
seasonal 
high water 
table; haz- 
ard of pol- 
lution. 


-| Moderate: 
seasonal 
high water 
table; mod- 
erate per- 
meability 
in sub- 
stratum. 


Severe: 
moderately 
slow per- 
meability. 


-| Moderate: 
seasonal 
high water 
table; haz- 
ard of pol- 
lution, 


Sewage Shallow 

Severe: Severe: 
rapid per- poor sta- 
meability bility. 
in sub- 
stratum; 
hazard of 
pollution. 

Moderate Moderate 
where where 
slopes are 2 slopes are 
to 6 per- less than 
cent. 12 percent: 

Severe where clay loam. 
slopes are Severe where 
more than slopes are 
6 percent. more than 

12 percent. 

Severe: Severe: 
rapid per- poor sta- 
meability; bility; 
hazard of somewhat 
pollution. poorly 

drained to 
moderately 
well 
drained. 

Moderate: Moderate: 
hazard of somewhat 
seepage; poorly 
layer of drained to 
sand. moderately 

well 
drained; 
seasonal 
high water 
table. 

Moderate: Severe: 
seasonal somewhat 
high water poorly 
table. drained to 

moderately 
well 
drained. 

Severe: Severe: 
rapid per- sand in sub- 
meability. stratum; 

poor sta- 
bility. 


Moderate: 
moderate 
Shrink- 
swell po- 
tential. 

Severe: 
where 
slopes are 
more than 
12 percent. 


Moderate: 
somewhat 
poorly 
drained to 
moderately 
well 
drained; 
seasonal 
high water 
table. 


Moderate: 
somewhat 
poorly 
drained to 
moderately 
well drained; 
seasonal 
high water 
table; mod- 
erate 
shrink- 
swell po- 
tential. 


Severe: 
somewhat 
poorly 
drained to 
moderately 
well 
drained; 
seasonal 
high water 
table. 


Moderate: 
seasonal 
high water 
table; mod- 
erately 
well 
drained. 


Sanitary Local roads 
landfill and streets 

rapid per- 

meability ; 

hazard of 

pollution. 

Moderate: Severe: low 
clay loam. strength. 

Severe: Severe: 
rapid per- high frost- 
meability action po- 
in sub- tential. 
stratum. 

Moderate: Severe: 
seasonal high frost- 
high water action po- 
table; layer tential. 
of sand. 

Severe: Severe: 
seasonal high frost- 
high water action po- 
table. tential. 

Severe: Moderate: 
rapid per- moderate 
meability; frost-action 
hazard of potential. 
seepage. 


TABLE 8.—Interpretations of 


Suitability as 
source of— 


Road fill 


Good: grav- 
elly coarse 
sandata 
depth of 2 
to 3 feet. 


Poor: low 
strength. 


Poor: high 
frost-action 
potential. 


Poor: low 
shear 
strength; 
high frost- 
action po- 
tential. 


Poor: high 
frost-action 
potential. 


Fair: mod- 
erate frost- 
action po- 
tential. 
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Sand and 
gravel 


Good: mixed 
sand and 
gravel at a 
depth of 2 to 
3 feet. 


Poor: under- 
lying ma- 
terial is very 
fine sand. 


Fair for sand: 
layer of 
sand. 
Unsuitable for 
gravel. 


ot suitable ... 


Good for fine 


sand. 
Unsuitable for 
gravel. 


Not suitable .. _ 


Suitability as source of— Cont. 


Topsoil 


Fair where 
Slopes are 
less than 
12 per- 
cent: clay 
loam sur- 
face layer. 

Poor where 
slopes are 
more than 
12 percent. 


Fair: thin 
surface 
layer; high 
lime con- 
tent. 


Fair: sur- 
face layer 
less than 16 
inches 
thick. 


Fair: sur- 
face layer 
less than 
16 inches 
thick. 


Poor: loamy 
fine sand 
surface 
layer. 


Pond 
reservoir 
areas 


Rapid permea- 
bility at a 
depth of 2 to 
3 feet; 
hazard of 
seepage. 


Favorable .... 


Hazard of 
seepage. 


Layer of sand; 
moderately 
rapid per- 
meability in 
upper part; 
moderate 
permeability 
in substra- 
tum. 


Favorable ..... 


Rapid permea- 
bility; haz- 
ard of seep- 
age. 


Embankments, 


dikes, and 
levees 


Upper layers 
have low 
shear 
strength; 
high perme- 
ability in un- 
derlying 
material; 
medium 
compacted 
shear 
strength; 


erodes easily. 


Medium to low 
shear 
strength; 
medium com- 
pressibility. 


Medium to 
high suscep- 
tibility to 
piping; 
erodes easily. 


Medium com- 
pressibility ; 
medium com- 
pacted shear 
strength; 
upper layers 
erode easily. 


Medium com- 
pacted shear 
strength; 
medium com- 
pressibility. 


Medium to 
high permea- 
bility when 
compacted ; 
medium to 
high sus- 
ceptibility to 
piping; 
erodes easily. 


Soil features affecting — 


Drainage of 
cropland and 
pasture 


Not needed: 
well 
drained. 


Not needed: 
well 
drained. 


Not needed __ 


Not needed .. 


Not needed .. 


Not needed .. 


Irrigation Terraces and 
diversions 

Low to mod- Not needed: 
erate avail- nearly 
able water Jevel. 
capacity; 
sand and 
gravel ata 
depth of 2 
to 3 feet. 

Moderately Clay loam; 
slow per- moderately 
meability ; slow per- 
complex meability ; 
slopes. complex 

slopes. 

Somewhat Not needed: 
poorly nearly 
drained to level. 
moderately 
well 
drained; 
high avail- 
able water 
capacity; 
high lime 
content. 

Moderate to Not needed: 
high avail- nearly 
able water level. 
capacity; 
rapid in- 
take rate; 
high lime 
content in 
surface 
layer. 

Slow intake Not needed: 
rate; mod- nearly 
erately level. 
slow per- 
meability. 

Moderaiely Not needed: 
well nearly 
drained; level. 
low avail- 
able water 
capacity; 
rapid per- 
meability. 
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Waterways 


Not needed: 
nearly 
level. 


Features 
favorable. 


Not needed: 
nearly 
level. 


Not needed: 
erodes 
easily. 


Excess lime. 


Droughty; 
erodes 
easily. 
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TABLE 8.—Interpretations of 
n V ə_N Ш Ъььь ь h, r bK "' —— O T v Y —- —— s TQ 


ç ae Suitability as 
Degree and kind of limitation for— source of — 
Soil series Septic tank Dwellings 
and absorption Sewage Shallow with Sanitary Local roads Road fill 
map symbols fields lagoons excavations basements landfill and streets 
Kittson: 58 _____ Moderate: | Moderate: Moderate: Moderate: Moderate: Severe: Poor: high 
moderately somewhat somewhat somewhat seasonal high frost- frost-action 
slow per- poorly poorly poorly high water action po- potential. 
meability; drained to drained to drained to table. tential. 
Seasonal moderately moderately moderately 
high water weli well well 
table. drained; drained. drained; 
` seasonal moderate 
high water shrink- 
table. swell po- 
tential. 

Kittson variant: Severe: Severe: Severe: Severe: Severe: Severe: Poor: very 

V58. very poorly very poorly very poorly very poorly very poorly very poorly poorly 
drained to drained to drained to drained to drained drained drained 
poorly poorly poorly poorly to poorly to poorly to poorly 
drained; drained; drained; drained; drained; drained; drained; 
seasonal seasonal seasonal seasonal seasonal seasonal low shear 
high water high water high water high water high water high water Strength in 
table; mod- table. table. table. table. table; high upper 2 to 
erately frost-action 3 feet; high 
slow per- potential. frost-action 
meability. potential. 

Lake beaches: Severe: sea- | Severe: sea- | Severe: sea- | Severe: sea- | Severe: Severe: Variable .... 
1032. sonal high sonal high sonal high sonal high seasonal seasonal 

water table. water table. water table. water table. high water high water 
table. table. 

Lamoure: 418, Severe: sea- | Severe: sea- | Severe: Severe: Severe: Severe: Poor: 

359. sonal high sonal high poorly poorly poorly poorly poorly 
water water drained; drained; drained; drained; drained; 
table; sub- table; sub- seasonal seasonal seasonal high frost- high frost- 
ject to ject to high water high water high water action po- action po- 
flooding. flooding. table. table; sub- table; sub- tential; tential. 

ject to ject to subject to 
flooding. flooding. flooding. 

*Langhei: 220E, | Moderate Moderate Slight where Moderate Slight where Moderate: Fair where 
942C2, 942D2, where where slopes are where slopes are moderate slopes are 
943C2, 943D2. slopes are slopes are 2 to 6 per- slopes are 2 to 12 shrink- less than 

For Barnes less than 12 less than cent. less than percent. swell 25 percent: 
parts of percent: 6 percent: Moderate 12 percent: | Moderate potential ; moderate 
942C2 and moderate moderate where moderate where moderate shrink- 
942D2 and permeabil- permeabil- slopes are shrink- slopes are frost-action swell po- 
Formdale ity. ity. 6 to 12 per- swell po- 12 to 25 potential. tential; 
parts of Severe where | Severe where cent. tential. percent. moderate 
943C2 and Slopes are slopes are Severe where | Severe where | Severe where frost-action 
943D2, see more than more than slopes are slopes are slopes are potential. 
those 12 percent. 6 percent. more than more than more than Poor where 
series. 12 percent. 12 percent. 25 percent. slopes are 

more than 
25 percent. 
Maddock: 458, Slight where Severe: Severe: fine | Slight where Severe: Slight where | Good where 
45C. slopes are rapid per- sand sub- slopes are rapid per- slopes are slopes are 

less than 6 meability. stratum; less than meability; less than less than 
percent. poor sta- 6 percent. hazard of 6 percent. 12 percent. 

Moderate bility. Moderate pollution. Moderate Fair where 
where where where slopes are 
slopes are slopes are slopes are more than 
6 to 12 6 to 12 6 to 12 12 percent. 
percent. percent. percent. 

Severe where Severe where Severe where 
slopes are slopes are slopes are 
more than more than more than 
12 percent: 12 percent. 12 percent. 
hazard of 
pollution. 


GRANT COUNTY, MINNESOTA 


engineering properties of the soils—Continued 
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Soil features affecting— 


Suitability as source of— Cont. 


Pond 
reservoir 
areas 


Sand and Topsoil 
gravel 

Not suitable .. Fair: sur- 
face layer 
less than 
16 inches 
thick. 

Not suitable .. Poor: very 
poorly 
drained to 
poorly 
drained. 

Variable _____. Variable .... 

N ot suitable ___ Poor: 
drained. 

ot suitable | | Poor: sur- 
face layer 
less than 8 
inches 
thick. 

ood for fine Poor: 

sand. sand. 

nsuitable for 

gravel. 


Favorable 


Moderately 
rapid per- 
meability in 
upper 2 to 3 
feet; hazard 
of seepage. 


Variable 


poorly | Favorable: 


broad, level 
areas need 
extensive 
diking. 


Moderate per- 
meability; 
slope is a 
limiting 
faetor in 
places. 


loamy | Rapid permea- 


bility; haz- 
ard of 
seepage. 


Embankments, 
dikes, and 
levees 


Medium com- 
pressibility ; 
medium to 
low shear 
strength. 


Medium com> ` 
pressibility ; 
medium to 
low shear 
strength. 


Variable 


Medium to 
low shear 
strength; 
medium com- 
pressibility. 


Medium com- 
pressibility; 
medium to 
low shear 
strength. 


Medium to low 
permeability 
when com- 
pacted; me- 
dium to high 
susceptibility 
to piping; 
erodes easily. 


Drainage of 
cropland and 
pasture 


Not needed __ 


Seasonal high 
water 
table; poor 
outlets. 


Variable 


Seasonal 
high water 
table; sub- 
ject to 
flooding; 
availability 
of outlets. 


Not needed: 
somewhat 
excessively 
drained. 


Not needed: 
well 
drained. 


Irrigation 


Somewhat 
poorly 
drained to 
moderately 
well 
drained; 
moderately 
slow per- 
meability. 


Very poorly 
drained to 
poorly 
drained; 
moderate to 
high avail- 
able water 
capacity. 


Variable 


Poorly 
drained; 
Seasonal 
high water 
table. 


Moderately 
alkaline; 
complex 
slopes of 2 
to 35 per- 
cent. 


Low avail- 
able water 
capacity; 
rapid per- 
meability; 
erodes 
easily. 


Terraces and 
diversions 


Not needed: 
nearly 
level. 


Not needed: 
nearly 
level. 


Variable ... 


Not needed: 
nearly 
level. 


Complex 
slopes of 2 
to 85 per- 
cent; high 
lime con- 
tent re- 
stricts 
revegeta- 
tion in 
places 


Erodes 
easily. 
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Waterways 


Favorable. 


Not needed: 
nearly level. 


Variable. 


Not needed: 
nearly level. 


Complex 
slopes of 2 
to 35 per- 
cent; high 
lime content 
restricts re- 
vegetation 
in places. 


Low available 
water ca- 
pacity; 
erodes 
easily. 


то 


Soil series 
and 


map symbols 
1053 ___ 


Marsh: 


McIntosh: 108 


Oldham: 


Parnell: 34 


Quam: 344 


*Rockwell: 63, 
970. 
For Vallers 


part of 970, 
see Vallers 


series. 
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TABLE 8.—/nterpretations of 


Degree and kind of limitation for— 


Septic tank 
absorption 
fields 


276 .... 


Severe: 
very poorly 
drained; 
water table 
atornear 
the sur- 
face; sub- 
ject to 
flooding. 


Severe: 
moderately 
Slow per- 
meability 
in sub- 
stratum. 


Severe: 
slow per- 
meability; 
seasonal 
high water 
table; sub- 
ject to 
flooding. 


Severe: 
slow per- 
meability ; 
seasonal 
high water 
table; sub- 
ject to 
flooding. 


Severe: 
moderately 
slow per- 
meability; 
seasonal 
high water 
table; sub- 
ject to 
flooding. 


Severe: 
moderately 
slow per- 
meability 
in sub- 
stratum ; 
seasonal 
high water 
table. 


Sewage 
lagoons 


Severe: 
very poorly 
drained; 
water table 
atornear 
the sur- 
face; sub- 
ject to 
flooding. 


Moderate: 
seasonal 
high water 
table; haz- 
ard of 
Seepage 
in upper 
layers. 


Severe: веа- 
sonal high 
water 
table; sub- 
ject to 
flooding. 


Severe: sea- 
sonal high 
water 
table; sub- 
ject to 
flooding. 


Severe: веа- 
sonal high 
water 
table; sub- 
ject to 
flooding. 


Severe: sea- 
sonal high 
water 
table; haz- 
ard of 
seepage. 


Shallow 
exeavations 


Severe: 
very poorly 
drained; 
water table 
atornear 
the sur- 
face; sub- 
ject to 
flooding. 


Moderate: 
somewhat 
poorly 
drained to 
moderately 
well 
drained; 
seasonal 
high water 
table. 


Severe: 
very poorly 
drained; 
seasonal 
high water 
table. 


Severe: 
very poorly 
drained; 
seasonal 
high water 
table. 


Severe: 
very poorly 
drained; 
seasonal 
high water 
table; 
subject to 
flooding. 


Severe: 
very poorly 
drained 
and poorly 
drained; 
seasonal 
high water 
table. 


Dwellings 
with Sanitary 
basements Jandfill 
Severe: Severe: 
very poorly very poorly 
drained; drained; 
water table water table 
at or near at or near 
the sur- the sur- 
face; sub- face; sub- 
ject to ject to 
flooding. flooding. 
Moderate: Moderate: 
somewhat seasonal 
poorly high water 
drained to table. 
moderately 
well 
drained; 
moderate 
shrink- 
swell 
potential; 
seasonal 
high water 
table. 
Severe: Severe: 
very poorly very poorly 
drained; drained; 
seasonal seasonal 
high water high water 
table; high table; sub- 
shrink- ject to 
swell po- flooding. 
tential. 
Severe: Severe: 
very poorly very poorly 
drained; drained; 
seasonal seasonal 
high water high water 
table; high table; sub- 
shrink- ject to 
swell flooding. 
potential ; 
subject to 
flooding. 
Severe: Severe: 
very poorly very poorly 
drained; drained; 
seasonal seasonal 
high water high water 
table; high table. 
shrink- 
swell 
potential; 
subject to 
flooding. 
Severe: Severe: 
very poorly very poorly 
drained drained 
and poorly and poorly 
drained; drained; 
seasonal seasonal 
high water high water 
table. table. 


Local roads 
and streets 


Severe: 
very poorly 
drained; 
subject to 
flooding. 


Severe: 
high frost- 
action po- 
tential. 


Severe: 
high 
shrink- 
swell poten- 
tial; high 
frost-action 
potential. 


Severe: 
high 
shrink- 
swell 
potential; 
high frost- 
action po- 
tential; 
seasonal 
high water 
table. 


Severe: 
high 
shrink- 
swell 
potential; 
high frost- 
action po- 
tential; 
subject to 
flooding; 
low shear 
strength. 


Severe: 
very poorly 
drained 
and poorly 
drained; 
high frost- 
action po- 
tential. 


Suitability as 
Source of— 


Road fill 


Poor: vari- 
able mate- 
rial; very 
poorly 
drained. 


Poor: high 
frost-action 
potential; 
low shear 
strength. 


Poor: very 
poorly 
drained; 
high frost- 
action po- 
tential; 
high 
shrink- 
swell po- 
tential. 


Poor: very 
poorly 
drained; 
high 
shrink- 
swell po- 
tential; 
high frost- 
action po- 
tential. 


Poor: high 
frost-action 
potential; 
very poorly 
drained; 
high 
shrink- 


swell po- 
tential. 


Poor: high 
frost-action 
potential ; 
very poorly 
drained 
and poorly 
drained. 
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engineering properties of the soils—Continued 


Suitability as source of-—Cont. 


Sand and 
gravel 


Topsoil 


Fair: sur- 
face layer 
less than 
16 inches 
thick; high 
lime con- 
tent. 


Not suitable ___ 


Not suitable. . Poor: very 


poorly 
drained; 
too clayey. 


Not suitable ... Poor: very 
poorly 


drained. 


Not suitable ___ Poor: very 
poorly 


drained. 


Not suitable ___ Poor: very 
poorly 
drained 
and poorly 


drained. 


Not suitable ... Not suitable 1 


Pond 


areas 


Favorable . 


Favorable: 
may need 
extensive 
diking. 


reservoir 


Favorable .. 


Favorable . . 


Favorable .... 


Favorable |... 


Embankments, 
dikes, and 
levees 


Variable ma- 
terial. 


Medium com- 
pressibility ; 
medium to 
low shear 
strength. 


High compress- 
ibility; low 
shear 
strength; 
fair to poor 
compaction 
characteris- 
tics. 


High com- 
pressibility ; 
fair to poor 
compaction 
characteris- 
ties; medium 
to low shear 
strength. 


| Low shear 


strength; 
high com- 
pressibility. 


Medium to 
low shear 
strength; 
medium to 
high suscep- 
tibility to 
piping; 


erodes easily. 


Soil features affecting— 


Drainage of 
cropland and 
pasture 


Variable ma- 
terial; 
water table 
at or near 
the sur- 
face; out- 
lets may be 
difficult to 
obtain. 


High frost- 
action po- 
tential; 
poor out- 
lets, 


Slow permea- 
bility; sea- 
sonal high 
water 
table; high 
frost-action 
potential, 


Slow permea- 
bility; sea- 
sonal high 
water 
table; high 
frost-action 
potential. 


Moderately 
slow per- 
meability ; 
high frost- 
action po- 
tential. 


Very poorly 
drained 
and poorly 
drained; 
poor оп|- 
lets 
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Irrigation 


Very poorly 
drained. 


High lime 
content; 
slow intake 
rate. 


Very poorly 
drained. 


Very poorly 
drained. 


Very poorly 
drained. 


Very poorly 
drained 
and poorly 
drained; 
excess 
lime; 
erodes 
easily. 


nearly 
level. 


Not needed: 


nearly 
level. 


Not needed: 


nearly 
level. 


Not needed: 


nearly 
level. 


Not needed: 


nearly 
level. 


Not needed: 


nearly 
level. 


Terraces and 
diversions 


Not needed: 


Waterways 


| Not needed: 
i ^ nearly level. 


High lime 
content; 
nearly level. 


Not needed: 
nearly level. 


Not needed: 
nearly level. 


Not needed: 
nearly level. 


Not needed: 
nearly level; 
erodes 
easily. 
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TABLE 8.—Interpretations of 


Degree and kind of limitation for— 


Soil series Septic tank . Dwellings 
and absorption Sewage Shallow with Sanitary Local roads 
map symbols fields lagoons excavations basements landfill and streets 
—T 
*Roliss: 582, Severe: sea- | Severe: sea-| Severe: Severe: Severe: Severe: 

971, 972. sonal high sonal high very poorly very poorly very poorly high frost- 
For Vallers water ta- water table. drained drained drained action po- 
part of 972, ble; moder- and poorly and poorly and poorly tential; 

see Vallers ately slow drained; drained; drained; very poorly 
series. permeabil- seasonal seasonal seasonal drained 
ity. high water high water high water and poorly 
table. table. table. drained. 
Rothsay: 2908 | | Slight . . . Moderate: Slight _____ Moderate: Severe: Severe: 
moderate | medium to hazard of high frost- 
permeabil- low shear seepage. action po- 
ity; hazard strength. tential; me- 
of seepage. dium to 
low shear 
strength. 
Sinai: 2128, Severe: very | Slight where Severe: Severe: Severe: Severe: 
212C. slow per- slopes are silty clay. high silty clay. high 
meability. less than shrink- shrink- 
2 percent. swell po- swell po- 
Moderate tential. tential; low 
where shear 
slopes are strength. 
2 to 6 per- 
cent, 
Severe where 
slopes are 
more than 
6 percent. 
Sioux: 4028, Slight where Severe: Severe: Slight where Severe: Slight where 
402C, 402D. slopes are 2 rapid per- gravelly slopes are rapid per- slopes are 
to 6 per- meability; coarse sand 2 to 6 per- meability; 2 to 6 per- 
cent. poor mate- sub- cent. hazard of cent. 
Moderate rial for stratum; Moderate pollution. Moderate 
where reservoir poor sta- where where 
slopes are 6 sites. bility. slopes are slopes are 
to 12 per- 6 to 12 6 to 12 
cent. percent. percent. 
Severe where Severe where Severe where 
slopes are slopes are slopes are 
more than more than more than 
12 percent: 12 percent. 12 percent. 
hazard of 
pollution. 
*Svea: 70, 962 | Moderate: Moderate: Moderate: Moderate: Slight |... Moderate: 
For Hamerly moderate moderate moderately moderately moderate 
part of 962, permeabil- permeabil- well well shrink- 
see Ham- ity. ity. drained. drained; swell po- 
erly series. moderate tential; 
shrink- moderate 
swell po- frost-action 
tential. potential. 
Sverdrup: 1278 | Slight: haz- | Severe: Severe: Slight __.___. Severe: Slight _.____ 
ard of pol- rapid per- sand sub- rapid per- 
lution. meability stratum; meability ; 
in sub- poor sta- hazard of 
stratum; bility. pollution. 
hazard of 


seepage. 


Suitability as 
source of — 


Road fill 


Poor: high 
frost-action 
potential; 
very poorly 
drained 
and poorly 
drained; 
moderate 
shear 
strength. 


Poor: high 
frost-action 
potential; 
medium to 
low shear 
strength. 


Poor: high 
shrink- 
swell po- 
tential; low 
shear 
strength. 


Good where 
slopes are 
2 to 12 
percent. 

Fair where 
slopes are 
12 to 25 
percent. 

Poor where 
slopes are 
more than 
25 percent. 


Fair: mod- 
erate 
shrink- 
swell po- 
tential; 
moderate 
frost-action 
potential. 
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engineering properties of the soils—Continued 


Suitability as source of—Cont. 


Sand and 
gravel 


Topsoil 


Pond 
reservoir 
areas 


dikes, and 
levees 


Embankments, 


| 


1- 


Drainage of 
cropland and 
pasture 


Not suitable .| Poor: very 
poorly 
drained 
and poorly 
drained. 

Not suitable .| Fair: sur- 
face layer 
less than 
16 inches 
thick. 

Not suitable .. | Poor: silty 
clay. 

Good: needs Poor: thin 

Screening. layer of 
(Sand and material; 
gravel are too sandy. 
mixed.) 

Not suitable . | Good .... 

Good for Fair: sur- 

sand. face layer 

Unsuitable for less than 

gravel. 16 inches 
thick. 


Fair to poor 
compaction 
characteris- 
tics; high 
susceptibil- 
ity to 
piping; me- 
dium to 
low shear 
strength. 


Moderate per- 
meability ; 
hazard of 
seepage. 


High com- 
pressibility ; 
poor to fair 
compaction 
characteris- 
tics; low 
shear 
strength. 


Favorable .... 


Rapid permea- | Medium to 


bility ; haz- high permea- 

ard of bility when 

seepage. compacted ; 
hazard of 
seepage. 


Moderate per- Medium com- 


meability; pressibility; 

hazard of medium to 

seepage. low shear 
strength. 


Rapid permea- | High permea- 


bility in sub- bility when 
stratum; compacted ; 
hazard of medium to 
seepage. high suscep- 


tibility to 
piping. 


Favorable: Medium to 
may need low shear 
extensive strength; 
diking. medium com- 

pressibility; 
suscepti- 
bility 

to piping. 


Moderately 
slow per- 
meability; 
seasonal 
high water 
table; high 
frost-action 
potential. 


Not needed: 
well 
drained. 


Very slow 
permeabil- 
ity. 


Not needed: 
excessively 
drained. 


Not needed __ 


Soil features affecting— 


Not needed: 
somewhat 
excessively 
drained. 


Irrigation 


Terraces and 
diversions 


Very poorly 
drained 
and poorly 
drained; 
seasonal 
high water 
table, 


Favorable __| 


Very slow 
permeabil- 
ity; slow 
intake rate. 


Very low 
available 
water ca- 
pacity; 
rapid per- 
meability; 
complex 
slopes, 


Favorable ___ 


Low avail- 
able water 
capacity; 
sand below 
a depth of 
2 feet; 
rapid in- 
take rate. 


Not needed: 
nearly 
level. 


Favorable ... 


Very slow 
permea- 
bility. 


Complex 
slopes; 
rapid per- 
meability. 


Outlets diffi- 
cult to es- 
tablish in 
places. 


Sand below a 
depth of 2 
feet; erodes ! 
easily. 


19 


Waterways 


Not needed: 


nearly level. 


Silt loam; 
features 
favorable. 


Favorable. 


Droughty; 
erodes 
easily; steep 
slope. 


Features 
favorable. 


Erodes easily. 
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TABLE 8.—Interpretations of 


Soil series 


and 

map symbols 
Towner: 330 ___. 
Ulen: 64 ...... 
Urness: 335 
Vallers: 236, 
419. 
Waukon: 38С, 
38D. 
Wheatville: 

343. 


Degree and kind of limitation for— 


Septic tank Dwellings 
absorption Sewage Shallow with Sanitary 
fields lagoons excavations basements landfill 

Severe: Moderate: Moderate: Moderate: Moderate: 
moderately seasonal moderately moderately seasonal 
slow per- high water well well high water 
meability table; drained; drained: table; haz- 
in sub- layer seasonal seasonal ard of pol- 
stratum; of sand. high water high wuter lution. 
seasonal table. table. 
high water 
table. 

Moderate: Severe: Severe: fine | Moderate: Severe: 
seasonal rapid per- sand sub- moderately rapid per- 
high water meability ; stratum; well meability ; 
table; haz- poor mate- poor sta- drained to seasonal 
zard of rial for bility. somewhat high water 
pollution. reservoir poorly table; haz- 

sites; haz- drained; ard of pol- 
ard of seasonal lution. 
pollution. high water 

table. 

Severe: Severe: sea- | Severe: Severe: Severe: 
moderately sonal high very pocrly very poorly very poorly 
slow per- water drained; drained; drained; 
meability; table; high seasonal seasonal seasonal 
seasonal organic- high water high water high water 
high water matter table; sub- table; low table; sub- 
table; sub- content; ject to shear ject to 
ject to subject to flooding. strength. flooding. 
flooding. flooding. 

Severe: Severe: sea-| Severe: Severe: Severe: 
moderately sonal high poorly poorly poorly 
slow per- water table. drained; drained; drained; 
meability; seasonal seasonal seasonal 
seasonal high water high water high water 
high water table. table. table. 
table. 

Moderate Moderate Slight where Moderate Slight where 
where where slepes are 2 where slopes are 
slopes are 2 slopes are to 6 per- slopes are 2 to 12 
to 12 per- less than cent. less than percent. 
cent. 6 percent: Moderate 12 percent: | Moderate 

Severe where moderate where moderate where 
slopes are permeabil- slopes are shrink- slopes are 
12 to 18 Њу. 6 to 12 swell po- 12 to 18 
percent. Severe where percent. tential; percent. 

slopes are Severe where medium to 
more than slopes are low shear 
6 percent. 12 to 18 strength. 
percent. Severe where 
slopes are 
12 to 18 
percent. 

Severe: slow; Slight: Moderate: Severe: Severe: 
permeabil- moderately somewhat high seasonal 
ity in sub- rapid per- poorly shrink- high water 
stratum; meability drained swell po- table; silty 
seasonal in upper 2 and moder- tential ; clay sub- 
high water to 8 feet. ately well seasonal stratum. 
table. drained; high water 

seasonal table. 
high water 
| table. 


Local roads 
and streets 


Moderate: 
moderate 
Shrink- 
swell po- 
tential; 
moderate 
frost-action 
potential. 


Moderate: 
moderate 
frost-action 
potential. 


Severe: 
very poorly 
drained; 
high frost- 
action po- 
tential; low 
shear 
strength; 
subject to 
flooding; 
excess 
humus. 


Severe: 
poorly 
drained; 
high frost- 
action po- 
tential. 


Moderate 
where 
slopes are 
less than 
12 percent: 
moderate 
shrink- 
swell po- 
tential; 
moderate 
frost-action 
potential. 

Severe where 
slopes are 
more than 
12 percent. 


Severe: 
high frost- 
action po- 
tential; 
high 
shrink- 
swell po- 
tential in 
underlying 
material. 


Fair: 


Poor: 


Poor: 


Fair: 


Poor: 


Suitability as 
source of — 


Road fill 


mod- 
erate to 
high 
shrink- 
swell po- 
tential; 
moderate 
frost-action 
potential. 


high 
frost-action 
potential; 
very poorly 
drained; 
low shear 
strength. 


high 
frost-action 
potential; 
poorly 
drained. 


mod- 
erate 
shrink- 
swell po- 
tential; 
moderate 
frost-action 
potential. 


high 
shrink- 
swell po- 
tential; 
high frost- 
action po- 
tential. 
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engineering properties of the soils—Continued 


Suitability as source of—Cont. Soil features affecting— 
Pond Embankments, Drainage of 
Topsoil reservoir dikes, and cropland and Irrigation Terraces and 
areas levees pasture diversions Waterways 
otsuitable ..| Fair: sur- Layer of sand; | Medium com- Not needed ..| Erodes Erodes Not needed: 
face layer hazard of pressibility; easily; easily. ~ nearly level. 
less than seepage, . medium to rapid in- 
16 inches low shear take rate. 
thick. strength ; 
layer of 
sand. 

Good for fine Poor: too Rapid permea- | High permea- Not needed ..| Low avail- Not needed: Not needed: 

sand. sandy; ex- bility; bility when able water nearly nearly level. 

Unsuitable for cess lime. hazard of compacted; capacity; level. 

gravel. seepage. medium to sand sub- 
high suscep- stratum; 
tibility to rapid in- 

piping. take rate; 

rapid per- 

meability. 

Not suitable ___| Poor: very | Favorable - „| High com- Moderately Very poorly Not needed: Not needed: 
poorly pressibility ; slow per- drained. nearly | nearly level. 
drained. low shear meability; level. 

strength; seasonal 
medium to high water 
high suscep- table; high 
tibility to frost-action 
piping; ex- potential. 
cess humus, 

Not suitable |. | Poor: poorly | Favorable _.| Medium to Moderately Poorly Not needed: Not needed: 
drained; low shear slow perme- drained; nearly nearly level. 
excess lime. strength; ability; moderately level. 

medium com- Seasonal slow per- 
pressibility ; high water meability ; 
low to me- table; poor excess lime; 
dium suscep- outlets. slow intake 
tibility to rate. 
piping. 

Not suitable __| Fair where Moderate per- | Medium to Not needed: Complex and | Complex Favorable; 
slopes are meability ; low shear well steep slopes. steep in 
less than storage area strength; drained. slopes. places. 

12 percent: limited by medium com- 
surface slope. pressibility. 
Iayer less 
than 16 
inches 
thick. 
Poor where 
slopes are 
more than 
12 percent. 

Not suitable __.| Fair: sur- Favorable: Fair to poor Not needed . | Slow permea- | Not needed: Not needed: 
face layer broad, level compaction bility in nearly nearly level. 
less than areas need characteris- substra- level. 

16 inches extensive tics; high tum; excess 
thick; ex- diking. compressibil- lime; layer 
cess lime. ity; medium of sand. 

to low shear 
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TABLE 9.—_ Engineering 


Moisture density *— 
Minnesota Depth . 

Soil name and location Parent material report from Maximum |Optimum 

number surface dry density | moisture 

ог 
Pounds per 

Inchea cubic foot Percent 
Aazdahl clay loam: Calcareous glacial till. 354 0-10 98 25 
NWYUNWYNWY, sec. 27, T. 128 N., 855 17-22 101 20 
Б. 43 W. (Modal) 356 28-60 105 20 
Formdale clay loam: Calcareous glacial till. 360 0-9 96 22 
NWUNWUSWY% sec. 36, Т. 128 N., 361 9-14 97 23 
R. 42 W. (Modal) 362 18-60 108 18 
Kittson very fine sandy loam: Calcareous glacial till. 369 0-6 107 17 
ЗМИИ sec. 31, T. 128 N., В. 44 W. 370 10-17 114 14 
(Modal) 871 88-60 106 19 
Vallers clay loam: Calcareous glacial till. 366 0-7 95 24 
SWi4 sec. 16, T. 128 N., R. 42 W. 367 12-15 108 17 
(Modal) 368 18-60 108 18 


— 


| 
* Based оп AASHTO Designation T-99-57, method C (1). 


* Mechanical analyses according to the AASHTO Designation T8857 (1). Results by this 


procedure frequently may differ 


somewhat from results obtained by the soil survey procedure of the Soil Conservation Service (SCS). In ше AASni90 pro- 
cedure, the fine material is analyzed by the hydrometer method and tho various grain-sized fractions are calculated on the basis 
of all the material, including that coarser than 2 millimeters in diameter. In the SCS soil survey procedure, the fine material is 
analyzed by the pipette method and the material coarser than 2 millimeters in diameter is excluded from calculations of grain- 
sized fractions. The mechanical analysis data used in this table are not suitable for naming textural classes of soils, 


soil, expressed in pH value. The pH value and terms 
used to describe soil reaction are explained in the 
Glossary. 

Shrink-swell potential is the relative change in vol- 
ume expected in soil material caused by changes in 
moisture content, that is, the extent to which the soil 
shrinks as it dries out or swells when it gets wet. The 
extent of shrinking and swelling causes much damage 
to building foundations, roads, and other structures. 
A high shrink-swell potential indicates a hazard to 
maintenance of structures built in, on, or with material 
that has this rating. 

Corrosivity pertains to potential soil-induced chem- 
ica] action that dissolves or weakens uncoated steel or 
concrete. The rate of corrosion of uncoated steel is 
related to soil properties such as drainage, texture, 
total acidity, and electrical conductivity of the soil 
material. Corrosivity for concrete is influenced mainly 
by the content of sodium or magnesium sulfate, but 
also by soil texture and acidity. Installations of un- 
coated steel that intersect soil boundaries or soil hori- 
zons are more susceptible to corrosion than installa- 
tions entirely in one kind of soil or in one soil horizon. 
A corrosivity rating of low means that there is a low 
probability of soil-induced corrosion damage. A rating 
of high means that there is such a high probability of 
damage that protective measures for steel and more 
resistant concrete should be used to avoid or minimize 
damage. 


Engineering interpretations 


The estimated interpretations in table 8 are based 
on the engineering properties of soils shown in table 7, 


on test data for soils in this survey area and others 
nearby or adjoining, and on the experience of engi- 
neers and soil scientists with the soils of Grant County. 
In table 8, ratings are used to summarize limitations or 
suitability of the soils for all listed purposes other than 
for drainage of cropland and pasture; irrigation; pond 
reservoir areas, embankments, dikes, and levees; ter- 
races and diversions; and waterways. For these partic- 
ular uses, table 8 lists those soil features not to be 
overlooked in planning, installation, and maintenance. 

Soil limitations are indicated by the ratings slight, 
moderate, and severe. Slight means that properties 
generally are favorable for the rated use, that is, limi- 
tations are minor and easily overcome. Moderate means 
that some properties are unfavorable but can be over- 
come or modified by special planning and design. Se- 
vere means that properties are so unfavorable and so 
difficult to correct or overcome as to require major soil 
reclamation, special design, or intensive maintenance. 
For some uses, the rating of severe is divided to obtain 
ratings of severe and very severe. Very severe means 
that one or more of the properties are so unfavorable 
for a particular use that overcoming the limitations is 
most difficult, costly, and commonly not practical for 
the rated use. 

Soil suitability is rated by the terms good, fair, and 
poor, which have, respectively, meanings approximately 
parallel to the terms slight, moderate, and severe. 

Following are explanations of some of the columns 
in table 8. 

Septic tank absorption fields are subsurface systems 
of tile or perforated pipe that distribute effluent from 
а septie tank into natural soil. The soil material be- 
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test data 


Mechanical analysis* 


Percentage less than 3 inches passing sieve— 


Percentage smaller than— 


Classification 


Liquid i 
limit index AASHTO Unified 
Percent 
14 А-1-6 OL 
23 A-7-6 
11 A-6 CL-ML 
14 А-Т-5 OL 
23 А-1-6 CL 
14 A-6 CL 
10 A-4 OL 
2 А-4 CL-ML 
25 A-7-6 CL 
18 А-Т-6 OL 
16 A-6 CL 
14 A-6 CL 


2100 percent passes 1-іпеһ sieve, and 99 percent passes %-inch sieve. 
4100 percent passes %-inch sieve. 


tween depths of 18 inches and 6 feet is evaluated. The 
properties considered are those that affect both absorp- 
tion of effluent and construction and operation of the 
system. Properties that affect absorption are permea- 
bility, depth to water table or rock, and susceptibility 
to flooding. Slope affects difficulty of layout and con- 
struction and also the hazard of soil erosion, lateral 
seepage, and downslope flow of effluent. Large rocks 
or boulders increase construction costs. 

Sewage lagoons are shallow ponds constructed to 
hold sewage within a depth of 2 to 5 feet long enough 
for bacteria to decompose the solids. A lagoon has a 
nearly level floor, and its sides, or embankments, are 
made of compacted soil material. The assumption is 
made that the embankment is compacted to medium 
density and the pond is protected from flooding. Prop- 
erties considered are those that affect the pond floor and 
the embankment. Those that affect the pond floor are 
permeability, content of organic matter, slope, and, if the 
floor needs to be leveled, depth to bedrock. The properties 
that affect the embankment are the engineering prop- 
erties of the embankment material as interpreted from 
the Unified Soil Classification and the number of stones, 
if any, that influence ease of excavation and compaction 
of the embankment material, 

Shallow excavations are those that require digging 
or trenching to a depth of less than 6 feet, for exam- 
ple, excavations for pipelines, sewer lines, phone and 
power transmission lines, basements, open ditches, and 
cemetaries. Desirable properties are good workability, 
moderate resistance to sloughing, gentle slopes, absence 
of rock outcrops or big stones, and freedom from flood- 
ing or a high water table. 


Dwellings with basements, as rated in table 8, are 
not more than three stories high and are supported 
by foundation footings placed in undisturbed soil. The 
features that affect the rating of a soil for dwellings 
are those that relate to capacity to support load and 
resist settlement under load and those that relate to 
ease of excavation. Properties that affect the capacity 
of the soil to support load are wetness, susceptibility 
to flooding, density, plasticity, texture, and shrink- 
swell potential. Those that affect excavation are wet- 
ness, slope, depth to bedrock, and content of stones 
and rocks. 

Sanitary landfill is a method of disposing of refuse 
in dug trenches. The waste is spread in thin layers, 
compacted, and covered with soil throughout the dis- 
posal period. Landfill areas are subject to heavy vehic- 
ular traffic. Some properties that affect suitability for 
landfill are ease of excavation, hazard of polluting 
ground water, and trafficability. The soils that are best 
suited have moderately slow permeability, withstand 
heavy traffic, and are friable and easy to excavate. 
Unless otherwise stated, the ratings in table 8 apply 
only to a depth of about 6 fcet, and therefore limitation 
ratings of slight or moderate may not be valid if 
trenches are to be much deeper than that. For some 
soils, reliable predictions can be made to a depth of 
10 or 15 feet; nevertheless every site should be investi- 
gated before it is selected. 

Local roads and streets, as rated in table 8, have 
an all-weather surface expected to carry automobile 
traffic all year. They have a subgrade of underlying 
soil material; a base consisting of gravel, crushed rock, 
or soil material stabilized with lime or cement; and a 
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flexible or rigid surface, commonly asphalt or concrete. 
These roads are graded to shed water and have ordi- 
nary provisions for drainage. They are built mainly 
from soil at hand, and most cuts and fills are less 
than 6 feet deep. 

Soil properties that most affect design and construc- 
tion of roads and streets are load-supporting capacity 
and stability of the subgrade and the workability and 
quantity of cut and fil material available. The 
AASHTO and Unified classifications of the material, 
as well as the shrink-swell potential, indicate traffic- 
supporting capacity. Wetness and flooding affect sta- 
bility. Slope, depth to hard rock, content of stones 
and rocks, and wetness affect ease of excavation and 
the amount of cut and fill material needed to reach 
an even grade. 

Road fill is soil material used in embankments for 
roads. The suitability ratings reflect the predicted per- 
formance of soil after it has been placed in an embank- 
ment that has been properly compacted and provided 
with adequate drainage and the relative ease of ex- 
cavating the material at borrow areas. 

Sand ата gravel are used in great quantities in many 
kinds of construction. The ratings in table 8 provide 
guidance in looking for probable sources. A soil rated 
as a good or fair source of sand or gravel generally 
has a layer at least 3 feet thick, the top of which is 
within a depth of 6 feet from the surface. The ratings 
do not take into account thickness of overburden, lo- 
cation of the water table, or other factors that affect 
mining of the materials; nor do the ratings indicate 
quality of the deposit. 

Topsoil is used for topdressing an area where vege- 
tation is to be established and maintained. Suitability 
is affected mainly by ease of working and spreading 
the material, as for preparing a seedbed; natural fer- 
tility of the material, or the response of plants when 
fertilizer is applied; and absence of substances toxic 
to plants. Texture of the material and its content of 
stone fragments are characteristics that affect suita- 
bility, but also considered in the ratings is damage 
that results at the area from where topsoil is taken. 

Pond reservoir areas hold water behind a dam or 
embankment. Soils suitable for pond reservoir areas 
have low seepage, which is related to permeability of 
the soil and depth to fractured or permeable bedrock 
or other permeable material. 

Embankments, dikes, and. levees require material 
that is resistant to seepage and piping and that has 
favorable stability, shrink-swell potential, shear 
strength, and compactibility. Stones or organic ma- 
terial are among the unfavorable features. 

Drainage of cropland and pasture is affected by 
properties such as permeability, texture, and structure: 
depth to claypan, rock, or other layers that affect rate 
of water movement; depth to the water table; slope 
and stability of ditchbanks; susceptibility to stream 
overflow; salinity or alkalinity; and availability of out- 
lets for drainage. 

Irrigation is affected by features such as slope; sus- 
ceptibility to stream overflow, water erosion, or soil 
blowing; texture; content of stones; accumulation of 
salts and alkali; depth of root zone; rate of water in- 
take at the surface; permeability of soil layers below 


the surface layer and in fragipans or other layers that 
restrict movement of water; amount of water held 
available to plants; and need for drainage or depth to 
water table or bedrock. 

Terraces and diversions are embankments, or ridges, 
that are constructed across the slope to intercept run- 
off so that it soaks into the soil or flows to а prepared 
outlet. Features that affect suitability of a soil for 
terraces are uniformity and steepness of slope; depth 
to bedrock or other unfavorable material; presence of 
stones; permeability; and resistance to water erosion, 
soil slipping, and soil blowing. A soil suitable for ter- 
races and diversions provides outlets for runoff and is 
not difficult to vegetate. 

Waterways are used to allow water to flow in de- 
fined channels across the land without causing ero- 
sion. Features considered for waterways are those 
that affect the establishment, growth, and maintenance 
of plant cover. 


Engineering test data 


Table 9 contains engineering test data for some of 
the major soil series in Grant County. Test were made 
to help evaluate the soils for engineering purposes. The 
engineering classifications given are based on data ob- 
tained by mechanical analyses and by tests designed to 
determine liquid limits and plastic limits. The me- 
chanical analyses were made by combined sieve and 
hydrometer methods. 

Compaction (or moisture-density) data are impor- 
tant in earthwork. If material is compacted at a suc- 
cessively higher moisture content, assuming that the 
compactive effort remains constant, the density of the 
compacted material increases until the optimum mois- 
ture content is reached. After that, density decreases 
with increasing moisture. The highest dry density ob- 
tained in the compactive test is called maximum dry 
density. As a rule, maximum strength of earthwork is 
obtained if the soil is compacted to the maximum dry 
density. 

Tests to determine liquid limit and plastic limit 
measure the effect of water on the consistence of soil 
material, as has been explained for table 7. 


Formation and Classification of the Soils 


This section consists of two main parts. The first 
part explains the effects of the factors of soil forma- 
tion on the formation of soils in Grant County. The 
second part explains the system of soil classification 
currently used and places each series in the classes of 
that system. 


Factors of Soil Formation 


Soil is produced by soil-forming processes acting on 
material deposited or accumulated by geologic agen- 
cies. The characteristics of the soil at any given point 
are determined by the physical and mineral composi- 
tion of the parent material; the climate under which 
the soil material has accumulated and existed since ac- 
cumulation; the plant and animal life on and in the 
soil; the relief, or lay of the land; and the length of 
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time the forces of soil formation have acted on the 
material. 

Climate and plant and animal life, mainly plant life, 
are active factors of soil formation. They act on the 
parent material that has accumulated through the 
weathering of rocks and slowly change it to a natural 
body that has genetically related horizons. The effects 
of climate and plant and animal life are conditioned 
by relief. The parent material also affects the kind of 
soil profile that is developed and, in extreme cases, 
determines it almost entirely. Time is needed for the 
development of parent material into a soil profile. The 
length of time required may vary greatly, but some 
time is always needed for differentiation of horizons. 
Generally, a long time is required for the development 
of distinct horizons. 

The factors of soil formation are so closely inter- 
related in their effects on the soil that few generaliza- 
tions can be made regarding the effect of any one fac- 
tor unless conditions are specified for the other four. 
Many of the processes of soil formation are not known. 


Parent material 


The soils in Grant County formed in glacial drift and 
modified glacial drift from the Des Moines Lobe of the 
Late Wisconsin Glaciation. The Lobe covered Grant 
County about 10,000 years ago. As it receded north- 
ward, meltwater from it formed great glacial Lake 
Agassiz, which covered large parts of northwestern 
Minnesota, eastern North Dakota and south-central 
Canada. Lake Agassiz occupied approximately the 
western third of Grant County. A part of its basin in 
Minnesota is called the Red River Valley. 

Glacial Till.—Most of Grant County is covered by 
glacial till or water-modified glacial till. The eastern 
fourth of the county is mainly loam till. The soils are 
a mixture of sand, silt, and clay. Small pebbles and 
stones are throughout the profile. The main loamy 
glacial till soils are the Barnes, Langhei, Svea, Flom, 
and Vallers soils. The Rothsay soils, which formed 
from deep wind-blown silts, are in a small area around 
Pelican Lake. In the middle part of the county, the 
soils formed mainly from clay loam glacial till, which 
differs from the loam glacial till in that it has more 
clay and silt and less sand. The main soils that formed 
in clay loam glacial till are Formdale and Aazdahl 
soils. A small area of Sinai soils, which formed in clay 
till, is in the southeastern part of Roseville Township. 
In the western fourth of the county, the soils formed 
in waterworked clay loam glacial till. In this area the 
meltwater of the glacier formed glacial Lake Agassiz, 
so now a thin mantle of water-sorted sediment com- 
monly overlies the till. The main soils in this area are 
Roliss, Kittson, Grimstad, and Towner soils. 

Outwash.—Outwash is glacial drift that has been 
sorted and deposited by moving water. The main area 
of outwash is in the valleys along the Pomme de Terre 
and Chippewa Rivers, and some small areas are in the 
eastern fourth of the county and on Herman Beach, 
the outer beach at the eastern edge of the basin of 
glacial Lake Agassiz. The outwash soils consist of 
sandy or loamy material underlain by sand and gravel. 
The main outwash soils are the Arvilla and Sioux soils. 

Alluvium and Colluviun.—Alluvium was deposited 


in areas adjacent to rivers and streams. These deposits 
are relatively recent, and the soils show little develop- 
ment. Lamoure silt loam is an alluvial soil. Colluvium 
has accumulated at the bases of slopes and alluvial fans 
from material that eroded from higher slopes. The 
dark-colored surface soil is thicker than the soils on 
the slopes. Darnen soils formed in colluvium. 

Lacustrine Sediment.—Lacustrine sediment was de- 
posited in a few areas in glacial Lake Agassiz. This soil 
material is dominantly silt loam and silty clay. The 
main soils that formed in lacustrine deposits are the 
Bearden and Fargo soils. 


Climate 


Climate is a major factor in determining the kinds 
of soils that form in different kinds of parent material. 
It determines the vegetation and influences the rate 
and intensity of the physical, chemical, and biologieal 
relationships in the soil profile, chiefly through the ef- 
fects of precipitation and temperature. In turn, the 
effects of climate and vegetation vary according to 
topography and the length of time the parent material 
has been in place. . 

The amount of water that filters through the soil 
at а given point depends on the amount and intensity 
of rainfall, relative humidity, length of the frost-free 
period, permeability, and physiography. Water dis- 
solves minerals, supports biological activity, and trans- 
ports mineral and organic residue through the profile. 
Temperature affects the kinds and growth of orga- 
nisms and the speed of physical and chemical reactions 
in the soil. 


Plant and animal life 


Plants, animals, bacteria, and other organisms are 
active in soil-forming processes. The changes they pro- 
duce depend mainly on their life cycles. The kinds of 
plants and animals that live on and in the soil are 
affected, in turn, by the climate, the parent material, 
relief, and age of the soil. Bacteria, fungi, earthworms, 
and other forms of animal life help in the breakdown 
of parent material and in the decomposition of organic 
matter. Vegetation affects soil formation by leaving 
residue in the soil and by transferring plant nutrients 
from the subsoil to the surface horizon. 

The formation of the soils in Grant County has been 
mainly affected by prairie grasses. Soils that formed 
under prairie have a dark-colored surface that is high 
in content of organic matter. Barnes soils are an ex- 
ample of soils that formed under prairie. In the north- 
eastern part of the county, а small area of soils was 
affected by forests. These soils have а moderately dark 
colored surface layer and a subsoil that is finer tex- 
tured than the surface layer or the parent material. 
Waukon soils are an example of soils that formed 
under forests. 


Relief 


Relief, through its effect on drainage, aeration, and 
erosion, is an important factor in the formation of 
soils. Maximum profile development takes place in 
well-drained, gently sloping soils. 

Runoff from steep soils and from soils on knolls is 
more rapid than from more nearly level soils. Much 
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of the steep soil material is likely to be washed away 
before a soil profile can develop. Since less water perco- 
lates through steep soils, the profile is likely to be less 
well developed than that of more level soils. Langhei 
soils are an example. 

On lower slopes and more level land, runoff is less 
rapid, and more water percolates through the soil, 
which allows for greater soil developments. These soils 
have a thick, black A horizon, a brownish B horizon, 
and a greater depth to lime. Barnes soils are an ex- 
ample. 

Soils that formed in depressional areas have a thick, 
dark-colored surface layer because they have a high 
content of organic matter. These soils generally re- 
ceive more water than can percolate through them. The 
color and mottling of these soils are affected by poor 
drainage. Parnell and Flom soils are examples. 

Some calcareous soils that formed in nearly level 
to gently undulating areas have a water table within 
a few feet of the surface. They have a thin, black, cal- 
careous surface layer underlain by a thick, grayish, 
strongly calcareous layer. As these soils formed, 
moisture evaporated from the ground surface, concen- 
trating lime in the surface layer. Hamerly soils are an 
example. 


Time 


All the soils of Grant County are young. Many of 
them started forming after the last glacier receded. 
Soils that formed in glacial till developed in a rela- 
tively short time because most of the material deposited 
by the glacier consisted of reworked drift carried by 
earlier glaciers, and the weathering of minerals had 
begun at the time of deposition. 

Most soils that formed in glacial drift have distinct 
A, B, and C horizons. The development of horizons is 
less distinct in the poorly drained soils because high or 
fluctuating water has modified the effect of time. Soils 
on bottom lands near rivers and small streams show 
little development because the material is very young. 


Classification of Soils 


Soils are classified so that their significant charac- 
teristics can more easily be remembered. Classification 
is used to assemble knowledge about the soils, to see 
their relationship to one another and to the whole en- 
vironment, and to develop principles that help in un- 
derstanding their behavior and their response to manip- 
ulation. Through classification and the use of soil maps, 
knowledge of soils can be applied to specific fields and 
other tracts of land. 

The narrow categories of classification, such as those 
used in detailed soil surveys, help in organizing and 
applying knowledge about soils in managing farms, 
fields, and woodlands; in developing rural areas; in 
engineering work; and in many other ways. Soils are 
placed in broad classes to facilitate study and compar- 
ison in large areas such as countries and continents. 

The system of soil classification currently used was 
adopted by the National Cooperative Soil Survey in 
1965. Because this system is under continual study, 
readers interested in developments in the current sys- 


tem should research the latest literature available 
(8, 5). 

The current system of classification has six cate- 
gories. Beginning with the broadest, the categories are 
order, suborder, great group, subgroup, family, and 
series. In this system, the criteria used as a basis for 
classification are soil properties that are observable and 
measurable. The properties are chosen, however, so that 
the soils of similar genesis, or mode of origin, are 
grouped together. In table 10, the soil series of Grant 
County are placed in the categories of the current sys- 
tem. Classes of the current system are briefly defined 
in the following paragraphs. 

ORDER. Ten orders are recognized. Тће properties 
used to differentiate among orders are those that tend 
to give broad climatic groupings of soils. The two ex- 
ceptions to this are the Entisols and Histosols, which 
occur in many different climates. 

SUBORDER. Each order is subdivided into suborders 
that are based mainly on the characteristics that seem 
to produce classes with the greatest genetic similarity. 
The suborders narrow the broad climatic range of the 
orders. The properties used to separate suborders are 
mainly those that reflect either the presence or ab- 
sence of waterlogging or soil differences resulting from 
the climate or vegetation. 

GREAT GROUP. Suborders are separated into great 
groups on the basis of uniformity in the kinds and se- 
quence of major soil horizons and features. Separations 
are made on the basis of horizons in which clay, iron, 
or humus has accumulated; horizons that have pans 
that interfere with growth or roots, movement of wa- 
ter, or both; and thick, dark-colored surface horizons. 
The features involved are the self-mulching properties 
of clay, soil temperature, major differences in chemical 
composition (mainly calcium, magnesium, sodium, and 
potassium), dark-red and dark-brown colors associated 
with basic rocks, and the like. 

SUBGROUP. Great groups are subdivided into sub- 
groups, one that represents the central (typic) seg- 
ment of the group and others, called intergrades, that 
have properties of the group and one or more proper- 
ties of another great group, suborder, or order. Sub- 
groups are also made in those instances where prop- 
erties intergrade outside the range of any other great 
group, suborder, or order. 

FAMILY. Families are separated within a subgroup 
mainly on the basis of properties important to the 
growth of plants or on the behavior of soils when used 
for engineering. Among the properties considered are 
texture, mineralogy, reaction, soil temperature, per- 
meability, thickness of horizons, and consistence. 


General Nature of the County 


This section explains the history, transportation, and 
markets; relief and drainage; geology; farming; and 
climate of Grant County. 


History, Transportation, and Markets 


No permanent settlers arrived in Grant County until 
the late 1860’s. The people were mainly trappers and 
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Series Family Subgroup Order 
Алай... Fine-loamy, mixed u. Адшс Haploborolls __________________ | Mollisols. 
Alluvial land, Sandy and loamy, frigid ___________ Fluvaquents and Udifluvents .......... Entisols. 

frequently flooded. 
Arveson .................. | Coarse-loamy, frigid ------------------ Туре Calciaquolls .......-----------2- Mollisols. 
Arvilla? .... ..-4-----44--- Sandy, mixed _____ Udic Haploborolls .....---------------- Mollisols. 
Barnes ... .___________- Fine-loamy, mixed _______________| Пас Haploborolls ___________________ Mollisols. 
Bearden ................... Fine-silty, frigid ._.________________ Aeric Calciaquolls --------------------- Mollisols. 
Darnen .................... Fine-loamy, mixed _______________ | Pachic Udic Haploborolls ..............] Mollisols. 
Fargo -______ Fine, montmorillonitie, frigid . |... ...| Vertic Haploborolls .................---- Mollisols. 
Flom .....................] Fine-loamy, mixed, frigid ____.__-_.____ | Туріє Haplaquolls .....---.------------ Mollisols. 
Forada? 2. Coarse-loamy, mixed, frigid .. 4 Typic Haplaquolls --------------------- Mollisols. 
Fordville ........---------- Fine-loamy over sandy or sandy- Pachic Udie Haploborolls ......-------- Mollisols. 

Skeletal, mixed. 
Formdale . ..... ни _.| Fine-loamy, mixed _ ___.._____.. - | Udie Haploborolls .________________- Mollisols. 
Glyndon ы... Coarse-silty, frigid ... .._.____________ Aeric Calciaquolls --------------------- Mollisols. 
сай... | Sandy over loamy, frigid _______.______| Aquic Haploborolls ...........-------- Mollisols. 
Hamerly ....-.------------- Fine-loamy, frigid _.....-...-.._.___._] Aeric Calciaquolls _______________-__--_ Mollisols. 
Hecla о... Sandy, mixed ._._....._..__-._-.____._ Aquie Haploborolls -------------------4 Mollisols. 
Kittson _.-_----_-._-_______ Fine-loamy, mixed .........----------- Aquic Haploborolls -------------------4 Mollisols. 
Kittson variant ____________. Fine-loamy, mixed ____..-.----.-____._. Турк Haplaquolls ..........----------- Mollisols. 
Lamoure? ___._...-..____-- -| Fine-silty, mixed (calcareous), frigid __.| Cumulie Haplaquolls ------------------- Mollisols. 
Langhei ........-------2--- Fine-loamy, mixed (calcareous), frigid _ | Туре Udorthents ..................... Entisols. 
Maddock ..................] Sandy, Еа... Udorthentic Haploborolls __:__________- Mollisols. 
Marsh -......------------- Loamy and clayey ...........--------4 Aquents and Aquolls .................- Mollisols. 
McIntosh .................. Fine-silty, frigid Aerie Calciaquolls —-------------------- Mollisols. 
Oldham * (|  . 0 .__. Fine, montmorillonitie (calcareous), Cumulic Haplaquolls ------------------- Mollisols. 
rigid. 

Parnell ...............---- Fine, montmorillonitie, frigid ....______ Туріс Argiaquolls ________________-_--. Mollisols. 

uam .....2.2...22.222222 Fine-silty, mixed, frigid |... | Cumulic Haplaquolls ........----------- Mollisols. 
Rockwell ------------------4 Coarse-loamy, frigid _____..___. ......| Туре Calciaquolls ___________________ |. Mollisols. 
Roliss .......--4---444444444 Fine-loamy, mixed (calcareous), frigid _ | Typic Haplaquolls .......------------- Mollisols. 
Rothsay .................. | Coarse-silty, mixed ________________ Udic Haploborolls ......--------------- Mollisols. 
Sinai --_----------------- H Fine, montmorillonitie --- ............ | Pachic Udie Haploborolls .......------- Mollisols. 
Sioux* 0...0... Sandy-skeletal, mixed 2. Udorthentie Haploborolls .............. Mollisols. 
Svea ____._ Fine-loamy, mixed _________________- Pachic Udic Haploborolls ............... Mollisols. 
Sverdrup ------------------- Sandy, mixed ___-__---_---.--..--. ... Udic Haploborolls ..........---------- Mollisols. 
Towner ...................] Sandy over loamy, mixed |... ......... | Pachie Udic Haploborolls _______________ Mollisols. 
Ла... Sandy, mixed ............ --.-..---- | Aerie Calciaquolls ____________________- Mollisols. 
Urness RR Fine-silty, mixed (calcareous), frigid |... | Моше Fluvaquents .___._____._________ Entisols. 
Vallers ЕЕЕ Fine-loamy, frigid -------------------- 1 Typic Calciaquolls —-----------—--------- Mollisols. 
Ма... Fine-loamy, mixed ........------------- Mollie Eutroboralfs ___._ Alfisols. 
Wheatville ......----------- Coarse-silty over clayey, frigid _______. | Aerie Calciaquolls ___________________ Mollisols. 


1 Some Arvilla soils in Grant County are taxadjunets to the 


Arvilla series because they have more gravel and less sand in 


the IIC horizon and a thicker mollic epipedon than is defined in the range for the series. 
* Forada soils in Grant County are taxadjuncts to the Forada series because they contain more clay and less sand and silt than 


is defined in the range for the series. 


* Lamoure soils in Grant County are taxadjuncts to the Lamoure series because some soils in the series are very poorly drained 


and therefore outside of the range defined for the series. 


* Oldham soils in Grant County are taxadjuncts to the Oldham series because some soils in the series are very poorly drained 


and therefore outside of the range defined for the series. 


* Sioux soils in Grant County are taxadjuncts to the Sioux series because they have a thinner or coarser textured A horizon 


than is defined in the range for the series. 


hunters, and farmers arrived a few years later. The 
eastern part of the county was the first to be settled. 
Grant County, formally organized on March 8, 1868, 
was named after General Ulysses S. Grant, who was 
elected president of the United States that year. The 
county seat was established at a site which later be- 
came the village of Elbow Lake, and the first court 
house was erected there in 1878. 

Grant County is served by two railroads, the Bur- 
lington Northern and the Soo Line. Public highways 
are well maintained. Among them are Interstate 94, 
which runs diagonally across the northeastern corner 
of the county, U.S. Highway 59, Minnesota State High- 
ways 9, 27, 54, 55, 78, and 79, and several blacktop 


county roads. Good gravelled roads maintained by the 
county and townships serve most of the farms. 

Trading centers are located throughout the county. 
Grain elevators are located at the trading centers. 
Marketing facilities are good. 


Relief and Drainage 


Grant County has three distinct types of topography. 
The western fourth of the county, known locally as 
the “flats,” is nearly level. The northeastern and ex- 
treme eastern parts of the county are the most hilly, 
having slopes that range from 2 percent to more than 
18 percent. The rest of the county is nearly level to 
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undulating, except for the slopes at the sides of the 
Chippewa, Pomme de Terre, and the Mustinka River 
Valleys. 

The elevation of Grant County varies from about 
1,000 to approximately 1,850 feet above sea level. The 
highest elevations are in the eastern part of the county, 
and the lowest elevations are in the western part. 

Grant County drains partly to the north and partly 
to the south. The western half of the county is drained 
by the Mustinka River, which empties into Lake Tra- 
verse; by Five Mile Creek, which empties into the 
Mustinka River; and by the Rabbit River, which emp- 
ties into the Bois de Sioux River. The outlet of Lake 
Traverse is the Bois de Sioux River, which is a tribu- 
tary of the north-flowing Red River of the North. The 
eastern part of the county is in the Mississippi River 
basin. It is drained by the Chippewa and Pomme de 
Terre Rivers, which flow south to the Minnesota River, 
а tributary of the Mississippi River. 


Geology 


Grant County is covered by a glacial drift and modi- 
fied glacial drift of the Late Wisconsin Glaciation. The 
glacial ice covered the county about 10,000 years ago. 
When it receded it left a thick mantle of glacial drift 
ranging from 100 to 250 feet in thickness. Beneath the 
drift is limestone bedrock underlain by Archaen rocks 
such as granite, feldspar, quartzite, and mica schist. 

The western fourth of the county lies in the rela- 
tively flat Red River Valley. This is most widely be- 
lieved to be the bed of glacial Lake Agassiz. As the 
glacier melted and receded northward, the meltwater 
formed Lake Agassiz between the ice front and the 
higher land to the south. The ice front acted as a dam 
and did not allow the water to drain northward, and a 
lake formed. The lake eventually became large enough 
to spill over its southern shore and discharge south- 
ward through the valley of the present Minnesota 
River and the Mississippi basin. Eventually the glacier 
receded far enough that drainage to the north resumed, 
and Lake Agassiz completely disappeared, leaving the 
broad, flat lake plain that exists today. 

The soil in the Chippewa, Pomme de Terre, and 
Mustinka River valleys was deposited by flowing water. 
These rivers once drained melting icefields as the 
glacier receded, and consequently the rivers were once 
many times larger than they are now. The valleys 
where the three rivers now flow were cut when the 
rivers were at their larger stage. The Chippewa, 
Pomme de Terre, and Mustinka Rivers, as they exist 
today, have cut only about 5 feet of their present chan- 
nels. 

The Pomme de Terre and Mustinka valleys range 
from М, to 1 mile wide and from 50 to 100 feet deep. 
The Pomme de Terre valley was once deeper than it 
is now. Tributaries carried material into the valley and 
filled some places more than others. Pomme de Terre 
and Little Pomme de Terre Lakes are depressions in 
the original valley floor that were not filled in. 

The beaches formed by Lake Agassiz can still be 
seen. The uppermost beach, known as the Herman 
Beach, extends from north to south through the west- 
ern part of Grant County about 4 to 6 miles east of 


the county line. It is 3 to 10 feet above the land to 
the east and 10 to 20 feet above the land to the west. 
A second beach, known as Norcross Beach, is almost 
parallel to Herman Beach but is 1 to 3 miles west of it. 
The crest of Norcross Beach averages about 10 feet 
lower in elevation than Herman Beach, and Norcross 
Beach is not so pronounced on the landscape. Both 
beaches consist of sand and gravel ridges 150 to 1,600 
feet wide. 

The land east of Herman Beach is glacial till ground 
moraine, except for the northwestern part of the 
county and the valleys of major streams. However, the 
glacial till between Herman Beach and the Pomme de 
Terre River is somewhat modified. Silt deposits indi- 
cate that the waters of Lake Agassiz may once have 
been higher than and east of Herman Beach. Shallow- 
ness of the water at this higher level and the relatively 
short period that it was held at this level may explain 
the lack of a definite beach. 

The northeastern part of the county is part of a 
terminal moraine known as the Alexandria moraine 
complex. The most hilly land in Grant County is in 
the terminal moraine area. 


Farming 


Grant County is generally rural. In 1970 there were 
751 farms in the county, and the average size was 400 
acres. Тће trend during the past three decades has 
been a decrease in the number of farms in the county 
and an increase in the average size of farms. The 
amount of land in farms is relatively constant at 92 
to 95 percent of the total land in the county. 

The first farmers to arrive in Grant County came in 
the 1870’s. They found the prairie soil difficult to break. 
Once broken, however, the soil was very productive. 
Small grains were the first crops raised. Wheat im- 
mediately became the main crop, but some oats, barley, 
and rye were also grown. Many of the crops planted 
by the early settlers were lost to prairie fires, grass- 
hoppers, hail, and other hazards. Wheat continued to 
dominate agriculture in Grant County until the turn 
of the century, when farming became more diversified. 
In the early 1900's artificial drainage was initiated in 
the nearly level western part of the county, and farm- 
ers began to settle that area. Some livestock was 
brought into the county mainly for personal use. 

For the past decade oats has been the leading small 
grain, but in 1971 wheat production greatly increased, 
and its production now nearly equals that of oats. Corn, 
soybeans, barley, and flax are other important crops. 
Sunflowers and sugar beets are the latest crops to be 
introduced, and the acreage planted to these crops is 
increasing. A small amount of hay is also grown. 

Livestock raising ranks second to cash-grain farm- 
ing in Grant County. Dairy cows, beef cattle, and hogs 
are the main livestock enterprises. 


Climate 


Grant County lies near the western border of central 
Minnesota. The terrain varies from gently rolling to 
nearly level plains, but small areas on moraines and 
outwash terraces have fairly steep slopes. Local relief 
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generally ranges from а few feet to 30 ог 40 feet. The 
difference in elevation between the highest and lowest 
points in the county is approximately 400 feet. 

The climate is continental, with warm summers and 
cold winters. The area is subject to frequent outbreaks 
of continental polar air throughout the year, with oc- 
casional Arctic outbreaks in winter. The following par- 
agraphs are based on data from Fergus Falls, Minne- 
sota, for the period 1941-70, unless stated otherwise. 

The county is near the center of the great land mass 
of North America, and this is probably the main factor 
in determining its climate. This large land mass is 
heated by a summer sun that shines for many hours a 
day at this high altitude, producing warm summers. 
Because of the location of this land mass, weather sys- 
tems pass through frequently in both winter and sum- 
mer. 

The average daily maximum summer temperatures 
(table 11) range from the high 70's to the low 80's. 
The minimum average daily summer temperatures 
range from the low to high 50's. The average July tem- 
perature 15 nearly as warm as temperatures at sta- 
tions 200 miles to the south, although temperatures of 
100? F are not common. Such temperatures have oc- 
curred only 12 times in the last 33 years. The highest 
temperature on record, 110? F, occurred on July 16, 
1936. Warm, humid periods last only а short time be- 
fore cooler, drier air tempers the heat and lowers the 
humidity. Southerly flows bring warm, moist air from 
the Gulf of Mexico into the area in summer and pro- 
vide the county with about 75 percent of its annual 
precipitation. This precipitation falls between April 


and September, which coincides with the growing sea- 
son for row crops. The average annual precipitation 
for the county is approximately 24 inches. Annual pre- 
cipitation has varied from 14.05 inches in 1910 to 38.10 
inches in 1896. The greatest total daily precipitation 
(5.62 inches) occurred on June 25, 1923. The greatest 
monthly precipitation (10.21 inches) occurred іп 
June 1928. | 

Winters are quite cold, with average daily maximum 
temperatures ranging from the high teens to the mid 
twenties. Average daily minimum temperatures range 
from approximately 7? F in December to --1° in Jan- 
uary. Daily minimum temperatures fall below 0? on 
an average of 46 days a year because of outbreaks of 
cold Canadian air. The coldest temperature on record, 
—42? F, occurred on February 16, 1936. February 
1936 is also the coldest month on record, with an average 
temperature of —8.4? F. The average annual snowfall 
is approximately 44 inches, with snow cover of 1 inch 
or more reported on an average of 107 days a year. 
The first measurable snowfall is in late October about 
1 year in 8, and the last snowfall is in April. 

Measurable precipitation (0.01 inch or more) can be 
expected on an average of 96 days a year, 49 of which 
generally have 0.1 inch or more, and 4 of which have 
1 inch or more. An average of 25 thunderstorms can 
be expected each year. On occasion, hail and damaging 
winds accompany the thunderstorms. The average 
length of the growing season is 142 days. The last 
spring freeze occurs on about May 10, and the first 
fall freeze occurs on about September 29 (table 12). 


TABLE 11.—Temperature and precipitation 
[Data from Fergus Falls, Minnesota. Period of record, 1941-70] 


Temperature 


Two years in 


Precipitation 


One year in 10 will have— 


10 will have at 
least 1 days Average 
ur er 
wid depth 
і А of snow on 
Month Average Average Days with | days with 
daily daily tem- | tem- monthly snow cover | snow cover 
maximum | minimum total 
Inches Inches Number Inches 
January __________- 17.7 -1.8 28 T 
February ............ 23.6 3.1 27 Т 
March ............... 35.7 16.8 19 6 
Арт] ...............- 544 32.5 2 2 
May ................. 68.1 441 | 84 | 81 | 299 | 123 | 518 | |. . 
June ................ 77.1 542 | 90 | | 42 | 468 | 919 | 639 | |. .... | ......-- 
July —..-------------- 83.1 598 | 93 | | 49 | 3882 | 88 | 5.08 (| | _______ 
August .............. 81.9 519 | 93 | | 47 | 30 | 1387 | 471 . |.____ | ........ 
September ___________ 70.5 414 | 87 | зз | 224 | 59 | 864 | |) .. fJ .......- 
October .............. 59.1 87.1 (*) 1 
November ............ 87.9 21.7 7 2 
December ............ 28.7 6.4 24 4 
Year .............. 52.7 31.6 107 6 


* Less than half а day. 
? Average annual highest temperature. 


* Average annual lowest temperature. 
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TABLE 12.—Probabilities of last freezing temperatures in spring and first in fall 
[Data from Fergus Falls, Minnesota. Period of record, 1941—70] 


Spring: 


Probability 16° F 


or lower 


Dates for given probability and temperature 


20°F 24° F 28° F 
or lower or lower or lower 


32° F 
or lower 


1 year in 10 later than ---------------- April 18 May 3 May 5 May 15 May 25 
2 years іп 10 later than --.-.---------- April 12 April 27 April 30 May 10 May 20 
5 years in 10 later than __.._.________ April 2 April 15 April 21 May 1 May 10 


Fall: 


1 year in 10 earlier than ________.____ October 26 October 19 October 8 September 27 September 14 
2 years іп 10 earlier than ___________.. Oetober 31 October 23 October 10 Oetober 1 September 19 
5 years in 10 earlier than ___________- November 9 October 31 October 19 October 10 September 29 
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Glossary 


Alluvium. Soil material, such as sand, silt, or clay, that has been 


deposited on land by streams. 


Available water capacity (also termed available moisture ca- 


pacity). The capacity of soils to hold water available for 
use by most plants. It is commonly defined as the difference 
between the amount of soil water at field capacity and the 
amount at wilting point. It is commonly expressed as inches 
of water per inch of soil. 


Brindle. Soil that has a surface with dark streaks and spots on 


а gray background. This is usually caused by free calcium 
carbonate and small depressions. 


Calcareous soil А soil containing enough calcium carbonate 


(often with magnesium carbonate) to effervesce (fizz) 
visibly when treated with cold, dilute hydrochloric acid. 


Clay. As a soil separate, the mineral soil particles less than 


0.002 millimeter in diameter. As a soil textural class, soil 
material that is 40 percent or more clay, less than 45 per- 
cent sand, and less than 40 percent silt. 


Clay film. A thin coating of clay on the surface of a soil ag- 


gregate. Synonyms: clay coat, clay skin. 


Claypan. А compact, slowly permeable soil horizon that contains 


more clay than the horizons above and below it. А claypan 
is commonly hard when dry and plastic or stiff when wet. 


Colluvium. Soil material, rock fragments, or both, moved by 


creep, slide, or local wash and deposited at the base of steep 
slopes. 


Complex, soil. A mapping unit consisting of different kinds of 


soils that occur in such small individual areas or in such 
an intricate pattern that they cannot be shown separately 
on а publishable soil map. 


Concretions. Grains, pellets, or nodules of various sizes, shapes. 


and colors consisting of concentrations of compounds, or of 
soil grains cemented together. The composition of some con- 
cretions is unlike that of the surrounding soil Calcium 
carbonate and iron oxide are examples of material com- 
monly found in concretions. 


Consistence, soil. The feel of the soil and the ease with which a 
lump ean be crushed by the fingers. Terms commonly used 
to describe consistence are— 

Loose.—Noncoherent when dry or moist; does not hold to- 
gether in a mass. 

Friable.—When moist, crushes easily under gentle pressure 
between thumb and forefinger and ean be pressed to- 
gether into a lump. 

Firm.—When moist, crushes under moderate pressure between 
thumb and forefinger, but resistance is distinctly notice- 
able. 

Plastic.—When wet, readily deformed by moderate pressure 
but can be pressed into a lump; will form a “wire” when 
rolled between thumb and forefinger. 

Sticky.—When wet, adheres to other material, and tends to 
Stretch. somewhat and pull apart, rather than to pull 
free from other material. 

Hard.—When dry, moderately resistant to pressure; can be 
broken with difficulty between thumb and forefinger. 
Soft.—When dry, breaks into powder or individual grains 

under very slight pressure. 

Cemented.—Hard and brittle; little affected by moistening. 

Drainage class (natural). Refers to the conditions of frequency 
and duration of periods of saturation or partial saturation 
that existed during the development of the soil, as opposed 
to altered drainage, which is commonly the result of arti- 
ficial drainage or irrigation but may be caused by the sud- 
den deepening of channels or the blocking of drainage out- 
lets. Seven different classes of natural soil drainage are 
recognized. 

Excessively drained soils are commonly very porous and 
rapidly permeable and have a low available water capac- 
ity. 

Somewhat excessively drained soils are also very permeable 
and are free from mottling throughout their profile. 
Well-drained soils are nearly free from mottling and are com- 

monly of intermediate texture. 

Moderately well drained soils commonly have a slowly рег- 
meable layer in or immediately beneath the solum. They 
have uniform сојог in the А and upper B horizons and 
mottling in the lower B and the C horizons. 

Somewhat poorly drained soils are wet for signifieant periods 
but not all the time, and some soils commonly have mot- 
tling at a depth below 6 to 16 inches. 

Poorly drained soils are wet for long periods and are light 
gray and generally mottled from the surface downward, 
although mottling may be absent or nearly so in some 
soils. 

Very poorly drained soils are wet nearly all the time. They 
have a dark-gray or black surface layer and are gray or 
light gray, with or without mottling, in the deeper parts 
of the profile. 

-Drift (geology). Material of any sort deposited by geologic 
processes in one пасе after having been removed from 
another; includes drift materials deposited by glaciers and 
by streams and lakes associated with them. 

Erosion. The wearing away of the land surface by wind (sand- 
blast), running water, and other geological agents. 

Fertility, soil. The quality of a soil that enables it to provide 
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compounds, in adequate amounts and in proper balance, for 
the growth of specified plants, when other growth factors 
such as light, moisture, temperature, and the physical con- 
dition of the soil are favorable. 

Glacial drift (geology). Rock material transported by glacial 
ice and then deposited; also includes the assorted and un- 
assorted material deposited by streams flowing from gla- 
ciers. 

Glacial outwash (geology). Cross-bedded gravel, sand and silt 
deposited by meltwater as it flowed from glacial ice. 

Glacial till (geology). Unassorted, nonstratified glacial drift that 
consists of clay, silt, sand, and boulders transported and 
deposited by glacial ice. 

Ground moraine (geology). Glacial till accumulated beneath the 
advancing ice and deposited from it during its dissolution, 
rather than aggregated in a thickened belt at the ice edge; 
the deposit is relatively thin and characteristically forms 
an undulating plain with gently sloping swells, sags, and 
closed depressions. 

Horizon, soil. A layer of soil, approximately parallel to the sur- 
face, that has distinct characteristics produced by soil- 
forming processes. These are the major horizons: 

О horizon.—The layer of organic matter on the surface of a 
mineral soil. This layer consists of decaying plant resi- 

ues. 

A horizon.—The mineral horizon at the surface or just be- 
low an O horizon. This horizon is the one in which living 
organisms are most active and therefore is marked by 
the accumulation of humus. The horizon may have lost 
one or more of soluble salts, clay, and sesquioxides (iron 
and aluminum oxides). 

B horizon.—The mineral below an A horizon. The B horizon 
is in part a layer of change from the overlying A to the 
underlying C horizon. The B horizon also has distinctive 
characteristics caused (1) by accumulation of clay, ses- 
quioxides, humus, or some combination of these; (2) by 
prismatic or blocky structure; (3) by redder or stronger 
colors than the A horizon: or (4) by some combination 
of these. Combined A and B horizons are usually called 
the solum, or true soil. If a soil lacks a B horizon, the A 
horizon alone is the solum. 

C horizon.—The weathered rock material immediately beneath 
the solum. In most soils this material is presumed to be 
like that from which the overlying horizons were formed. 
If the material is known to be different from that in the 
solum, a Roman numeral precedes the letter C. 

Lacustrine deposit (geology). Material deposited in lake water 
and exposed by lowering of the water level or elevation of 
the land. 

Leaching. The removal of soluble materials from soils or other 
material by percolating water. 

Lime. Chemically, lime is calcium oxide (Сао), but its meaning 
has been extended to include all limestone-derived materials 
applied to neutralize acid soils. Agricultural lime can be 
obtained as ground limestone, hydrated lime, or burned 
lime, with or without magnesium minerals. Basic slag, 
oystershells, and marl also contain calcium. 

Loess. Fine-grained material, dominantly of silt-sized particles, 
that has been deposited by wind. 

Made land. Areas filled artificially with earth or trash, or both. 

Morphology, soil. The physical makeup of the soil, including the 
the texture, structure. porcsity, consistence, color, and other 
physical mineral, and biological properties of the various 
horizons, and their thickness and arrangement in the soil 
profile. 

Mottling, soil. Irregularly marked with spots of different colors 
that vary in number and size. Mottling in soils usually in- 
dieates poor aeration and lack of drainage. Descriptive 
terms are as follows: abundance—few, common, and many; 
size—fine, medium, and coarse; and contrast— faint. dis- 
tinct, and prominent. The size measurements are these: 
fine, less than 5 millimeters (about 0.2 inch) in diameter 
along the greatest dimension; тефит, ranging from 5 
millimeters to 15 millimeters (about 0.2 to 0.6 inch) in 
diameter along the greatest dimension; and coarse, more 
than 15 millimeters (about 0.6 inch) in diameter along the 
greatest dimension. 

Muck. An organic soil consisting of fairly well decomposed 
organic material that is relatively high in mineral content, 
finely divided, and dark in color. 


Munsell notation. A system for designating color by degrees of 
the three simple variables—hue, value, and chroma. For 
example, a notation of 10YR 6/4 is a color with a hue of 
10YR, a value of 6, and a chroma of 4. 

Parent material. Disintegrated and partly weathered rock from 
which soil has formed. 

Ped. An individual natural soil aggregate, such as a crumb, a 
prism, or a block, in contrast to a clod. 

Percolation. The downward movement of water through the soil. 

Permeability. The quality that enables the soil to transmit 
water or air. Terms used to describe permeability are as 
follows: very slow, slow, moderately slow, moderate, mod- 
erately rapid, rapid, and very rapid. 

Profile, soil. A vertical section of the soil through all its hori- 
zons and extending into the parent material. 

Reaction, soil. The degree of acidity or alkalinity of a soil, ex- 
pressed in pH values. A soil that tests to pH 7.0 is precisely 
neutral in reaction because it is neither acid nor alkaline. 
An acid, or “sour,” soil is one that gives an acid reaction; 
an alkaline soil is one that is alkaline in reaction. In words, 
the degrees of acidity or alkalinity are expressed thus: 


pH pH 
Extremely acid Below 4.5 Neutral ___________ 6.6 to 7.3 
Very strong acid __4.5%05.0 Mildly alkaline ____. 7.4 to 7.8 
Strongly acid .....5.1t0 5.5 Moderately alkaline 7.9 to 8.4 
Medium acid ......5.6 to 6.0 Strongly alkaline .. 8.5 to 9.0 
Slightly acid _____- 6.1 to 6.5 Very strongly 


alkaline .... 9.1 and higher 


Sand. Individual rock or mineral fragments in a soil that range 
in diameter from 0.05 to 2.0 millimeters. Most sand grains 
consist of quartz, but they may be of any mineral compo- 
sition. The textural class name of any soil that contains 85 
percent or more sand and not more than 10 percent clay. 

Silt. Individual mineral particles in a soil that range in diameter 
from the upper limit of clay (0.002 millimeter) to the lower 
limit of very fine sand (0.05 millimeter). Soil of the silt 
textural class is 80 percent or more silt and less than 12 
percent clay. 

Soil. A natural, three-dimensional body on the earth’s surface 
that supports plants and that has properties resulting from 
the integrated effect of climate and living matter acting on 
earthy parent material, as conditioned by relief over 
periods of time. 

Solum. The upper part of a soil profile, above the parent ma- 
terial, in which the processes of soil formation are active. 
The solum in mature soil includes the A and B horizons. 
Generally, the characteristics of the material in these hori- 
zons are unlike those of the underlying material. The liv- 
ing roots and other plant and animal life characteristic of 
the soil are largely confined to the solum. 

Stratified. Composed of, or arranged in, strata, or layers, such 
as stratified alluvium. The term is confined to geological 
material. Layers in soils that result from the processes of 
soil formation are called horizons, those inherited from the 
parent material are called strata. 1 

Structure, soil. The arrangement of primary soil particles into 
compound particles or clusters that are separated from ad- 
joining aggregates and have properties unlike those of an 
equal mass of unaggregated primary soil particles. The 
principal forms of soil structure are—platy (laminated), 
prismatic (vertical axis of aggregates longer than horizon- 
tal), columnar (prisms with rounded tops), blocky (angular 
or subangular), and granular. Structureless soils are either 
single grained (each grain by itself, as in dune sand) or 
massive (the particles) adhering together without any 
regular cleavage, as in many claypans and hardpans). 

Subsoil. Technically, the B horizon; roughly, the part of the 
solum below plow depth. 

Substratum. Technieally, the part of the soil below the solum. 

Surface soil. The soil ordinarily moved in tillage, or its equiv- 
alent in uncultivated soil, about 5 to 8 inches in thickness. 
The plowed layer. 

Texture, soil. The relative proportions of sand, silt, and clay 
particles in а mass of soil The basic textural classes, in 
order of increasing proportion of fine particles, are sand, 
loamy sand, sandy loam, loam, silt loam, silt, sandy clay 
loam, clay loam, silty clay loam, sandy clay, silty clay, and 
clay. The sand, loamy sand, and sandy loam classes may be 
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further divided by specifying “coarse,” “fine” or “very 

ne. 

Tilth, soil. The condition of the soil in relation to the growth 
of plants, especially soil structure. Good tilth refers to the 
friable state and is associated with high noncapillarly por- 
osity and stable, granular structure. A soil in poor tilth is 
nonfriable, hard, nonaggregated, and difficult to till. 

Variant, soil. A soil having properties sufficiently different from 


those of other known soils to suggest establishing a new 
soil series, but a soil of such limited known area that crea- 
tion of a new series is not believed to be justified. 

Water table. The highest part of the soil or underlying rock 
material that is wholly saturated with water. In some 
places an upper, or perched, water table may be separated 
from a lower one by a dry zone. 


GUIDE TO MAPPING UNITS 


For a full description of a mapping unit, read both the description of the mapping unit and the description of the 
soil series to which the mapping unit belongs. 


Windbreak Pasture and 
Map Capability suitability Recreation hayland 
symbol Mapping unit Page unit Page group group group 
26 Aazdahl clay loam, 1 to 3 percent slopes------ 8 1-1 38 1 1 1 
338 Barnes loam, 2 to 5 percent slopes------------ 11 Пе-1 38 1 1 1 
34 Parnell silty clay loam----------------------- 27 IIIw-1 41 7 4 6 
36 Flom silty clay 1оап-------------------------- 15 IIw-1 39 3 4 3 
38C Waukon loam, 4 to 12 percent slopes----------- 36 IIIe-1 40 H 1 H 
38D Waukon loam, 12 to 24 percent slopes---------- 36 IVe-1 43 1 H 1 
458 Maddock loamy sand, 1 to 6 percent slopes----- 25 IVs-2 44 6 3 7 
45C Maddock loamy sand, 6 to 18 percent slopes---- 25 VIs-1 44 6 3 7 
57 Fargo silty clay------------------------------ 14 IIw-1 39 3 4 3 
58 Kittson very fine sandy loam, 0 to 2 percent 
s lopes------------------~-------------------- 20 I-1 38 1 1 1 
у58 Kittson fine sandy loam, gray subsoil 
уагіап%------------------------------------- 21 IIIw-2 41 5 4 4 
60 Glyndon silt loam, 0 to 2 percent slopes------ 18 Ї15-2 40 2 1 1 
61 Arveson fine sandy loam----------------------- 10 IIIw-2 41 4 4 4 
63 Rockwell loam--------------------------------- 28 IIw-5 40 4 4 5 
64 Ulen loamy fine sand, 0 to 2 percent slopes--- 34 1115-4 43 2 3 7 
67 Bearden silt loam, 0 to 2 percent slopes------ 15 115-2 40 2 1 1 
70 Svea loam, 1 to 3 percent slopes-------------- 32 I-1 38 1 1 1 
108 McIntosh silt loam, 0 to 2 percent slopes----- 26 115-2 40 2 1 1 
1278 Sverdrup sandy loam, 2 to 6 percent slopes---- 32 IIIs-2 43 5 1 7 
171B Formdale clay loam, 2 to 5 percent slopes----- 17 Ile-1 38 1 1 1 
184  Hamerly clay loam, 1 to 3 percent slopes------ 19 IIs-2 40 2 1 1 
2128 Sinai silty clay, 1 to 6 percent slopes------- 30 ІТе-1 38 1 2 H 
212C Sinai silty clay, 6 to 12 percent slopes------ 30 IIIe-1 40 1 2 1 
220E Langhei loam, 18 to 35 percent slopes--------- 22 VIIe-1 44 2 1 2 
236 Vallers clay loam----------------------------- 35 IIw-2 39 4 4 3 
276 Oldham silty clay loam------------------------ 26 IIIw-1 41 7 4 6 
2908 Rothsay silt loam, 2 to 6 percent slopes------ 30 IIe-1 38 1 1 1 
330 Towner fine sandy loam, 0 to 2 percent 
5Іорев-------------------------------------- 33 1115-3 43 5 1 1 
335  Угпе55 mucky silt loam------------------------ 34 1116-1 41 7 4 6 
339 Fordville loam, 0 to 2 percent slopes--------- 16 115-1 40 5 1 1 
341 Arvilla sandy loam, 0 to 2 percent slopes----- 11 1115-1 42 6 1 7 
5418 Arvilla sandy loam, 2 to 6 percent slopes----- 11 1115-2 43 6 1 7 
343  Wheatville very fine sandy loam, 0 to 2 
percent slopes------------------------------ 36 IIs-2 40 2 1 1 
344 Quam silty clay loam-------------------------- 27 IIIw-1 41 7 4 6 
359 Lamoure silt loam, frequently flooded--------- 22 VIw-1 44 7 4 5 
366 Hecla loamy fine sand, 0 to 2 percent slopes-- 20 IVs-2 44 5 5 7 
375  Forada sandy loam----------------------------- 15 IIw-35 40 3 4 3 
4028 Sioux loamy coarse sand, 0 to 6 percent 
51оре5-------------------------------------- 31 IVs-1 43 6 3 7 
402C Sioux loamy coarse sand, 6 to 12 percent 
slopes -------------------------+------------- 31 IVs-1 43 6 3 7 
402D Sioux gravelly loamy coarse sand, 12 to 35 
percent 51оре5------------------------------ 31 Vils-1 44 6 3 8 
418 Lamoure silt loam----------------------------- 22 IIw-2 39 4 4 5 
419 Vallers clay loam, firm subsoil--------------- 35 IIw-2 39 4 4 3 
4948 Darnen loam, 1 to 4 percent slopes------------ 14 I-1 38 1 1 1 
582 Roliss 1Іоап----------------------------------- 29 IIw-1 39 3 4 3 
900 Aazdahl-Hamerly-Parnell complex, 0 to 2 
percent slopes------------------------------ 8 IIe-2 58 -- - - 
Aazdahl part-----------------~----~-------- -- ------ -- 1 1 1 
Hamerly рат%------------------------------ -— | ------ -- 2 1 1 
7 4 6 


Parnell part------------------------------ 


GUIDE TO MAPPING UNITS--Continued 


Windbreak Pasture and 
Map Capability suitability Recreation hayland 
Symbol Mapping unit Page unit Page group group group 
9038 Barnes-Langhei loams, 3 to 6 percent slopes--- 12 IIe-1 38 --- H 1 
Barnes раг%------------------------------- -- | ------ -- 1 --- --- 
Langhei раг%-----------------------------. -- | ------ -- 2 --- --- 
9078 Barnes-Svea loams, 1 to 3 percent slopes------ 13 I-1 38 1 1 H 
912B Formdale-Aazdahl-Flom complex, 1 to 4 
percent slopes-------------------------.---- 17 IIe-1 38 --- --- --- 
Formdale рау%--------------------------..-- -- | ------ -- 1 1 1 
Aazdahl раг(------------------------------ -- | ------ -- 1 1 1 
Flom раг%--------------------------------- -- | ------ -- 3 4 3 
914 Grimstad-Towner complex, 0 to 2 percent 
51оре5-----------------.-------------------- 18 1115-3 43 --- 1 1 
Grimstad part-------------------~--------- -- | ------ -- 2 --- --- 
Towner рау%------------------------------- -- | ------ -- 5 --- --- 
922  Hamerly-Parnell complex, 0 to 3 percent 
51оре5-------------------------------------- 19 IIe-2 38 --- --- --- 
Hamerly раг%------------------------------ -- | ------ -- 2 1 1 
Parnell рат%------------------------------ -- | ------ -- 7 4 6 
931B Formdale-Langhei clay loams, 3 to 6 percent 
51оре5-------------------------------------- 17 IIe-1 38 --- 1 1 
Formdale part------------------..-----..-- -- | ------ -- 1 --- --- 
Langhei раг%------------------------------ -- |] ------ -- 2 --- --- 
94202 Langhei-Barnes loams, 6 to 12 percent slopes, 
eroded-~~---------~--------------~~----------- 22 IIIe-1 40 --- 1 1 
Langhei раг%------------------------------ -= | ------ -- 2 --- --- 
Barnes рат%------------------------------- -- | ------ -- 1 --- --- 
94202 Langhei-Barnes loams, 12 to 18 percent 
slopes, eroded------------------------------ 23 IVe-1 43 --- 1 1 
Langhei part------------------------------ -- | ------ -- 2 --- --- 
Barnes раг%------------------------------- -- | ------ -- 1 --- --- 
943C2 Langhei-Formdale clay loams, 6 to 12 percent 
slopes, егойдей------------------------------ 24 IIIe-1 40 --- 1 1 
Langhei раг%------------------------------ --014| -Ó----- -- --- --- 
Formdale part---------------------.-----.- -- | ------ -- 1 --- --- 
94502 Langhei-Formdale clay loams, 12 to 18 
percent slopes, eroded-----------------..--- 24 IVe-1 43 --- 1 1 
Langhei раг%------------------------------ -- | Ó----- -- 2 --- --- 
Formdale part----------------------------- -- | ------ -- 1 --- --- 
962 Svea-Hamerly loams, 1 to 3 percent slopes----- 32 IIs-2 40 --- 1 1 
Svea раг%--------------------------------- о ------ -- 1 --- --- 
` Hamerly рат%------------------------------ -- | ------ -- 2 --- --- 
970 Rockwell-Vallers complex---------------------- 28 IIw-3 40 4 4 3 
971  Roliss complex----------~---------~----------- 29 IIw-1 39 3 4 E 
972  Roliss-Vallers complex------------------------ 29 IIw-2 39 --- 4 5 
Roliss раг%------------------------------- -- | ------ -- E --- --- 
Vallers part------------------------------ -- | ------ -- 4 --- --- 
1002 Alluvial land, frequently flooded------------- 9 VIw-1 44 7 4 5 
1032 Lake Һеасһе5---------------------------------- 21 IIIw-2 41 7 4 6 
1053 Marsh----------------------------------------- 25 VIIIw-1 44 7 4 8 
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This document is not accessible by screen-reader software. The Natural 
Resources Conservation Service (NRCS) is committed to making its information 
accessible to all of its customers and employees. If you are experiencing 
accessibility issues and need assistance, please contact our Helpdesk by phone at 
1-800-457-3642 ог by e-mail at ServiceDesk-FTC @ftc.usda.gov. For assistance 
with publications that include maps, graphs, or similar forms of information, you 
may also wish to contact our State or local office. You can locate the correct office 
and phone number at http://offices.sc.egov.usda.gov/locator/app. 

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, and 
where applicable, sex, marital status, familial status, parental status, religion, sexual 
orientation, genetic information, political beliefs, reprisal, or because all or a part of an 
individual's income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require alternative means 
for communication of program information (Braille, large print, audiotape, etc.) should 
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410, or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 
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Mustink® 2 2 : 
— well drained, nearly level soils that formed in calcareous loamy glacial 
till and silty sediment over loamy glacial till 


Formdale-Aazdahl association: Well drained and moderately well drained, 
nearly level to rolling soils that formed in calcareous loamy glacial till 
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5 SOIL ASSOCIATIONS 
NEUTRAL TO MODERATELY ALKALINE SOILS OF THE LAKE PLAIN 
KH Wheatville-Grimstad association: Somewhat poorly drained and moder- 
! ately well drained, nearly level soils that formed in loamy and sandy 
| Y material overlying waterworked, calcareous loamy and clayey material 
\, | Roliss-Towner association: Poorly drained, very poorly drained, and 
EH =H is 3 moderately well drained, nearly level soils that formed in loamy and 
° 4 1 sandy waterworked material and in the underlying calcareous loamy 
ami IN x glacial till | 
AY NEUTRAL TO MILDLY ALKALINE SOILS OF THE OUTWASH PLAINS | 
E ro RE) wanna 
: - і Lake КА Arvilla-Sioux association: Somewhat excessively drained and excess- 
РУ | - Y S pe 3 ively drained, nearly level to steep soils that formed іп loamy and sandy 
ue | / (3% | = 455 = material over gravelly outwash 
T. 128 N. ; ds Чин Na <> 2 5 NEUTRAL ТО MODERATELY ALKALINE SOILS OF THE UPLANDS 
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Hamerly-Aazdahl-Flom association: Moderately well drained to poorly 
drained, nearly level soils that formed in calcareous loamy glacial till 


Barnes-Svea association: Well drained and moderately well drained, 
nearly level to undulating soils that formed in calcareous loamy glacial 
till 

Langhei-Barnes-Formdale association: Somewhat excessively drained 
and well-drained, undulating to very steep soils that formed in calcar- 
eous loamy glacial till 
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Each area outlined on this map consists of 
more than one kind of soil. The map is thus 
meant for general planning rather than a basis 
for decisions on the use of specific tracts. 
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U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 


SOIL LEGEND 


Each soil symbol consists of 2, 3, or 4 numerals; for example, 26, 341, or 1002. If slope is 
given in the soil name, à capital letter, B, C, D, or E indicates the slope class. Symbols 
without slope letters are mostly for nearly level soils, but some are for land types that may 
have a considerable range of slope. А final number 2 in the symbol indicates that the soil 
Is eroded. The letter V may precede the soi! number to indicate that the sail Is a variant. 


NAME SYMBOL NAME 


Aardahl clay loam, 1 to 3 percent slopes 341B Arvila sandy loam, 2 to 6 percent slopes 

Barnes kam, 2 to 5 percent slopes. 343 Wheatville very fine sandy loam, 0 to 2 percent slopes 
Рагпей silty clay loam 344 Quam sitty clay loam 

Flom silty clay loam 359 Lamoure sit loam, frequently flooded 


Waukon loam, 4 to 12 percent slopes 
Waukon loam, 12 ta 24 percent slopes 
Maddock loamy sand, 1 to 6 percent slopes 
Maddock amy sand, 6 to 18 percent slopes 
Fargo silty clay 

Kittson very fine sandy loam, 0 to 2 percent slopes 
Kittson fine sandy loam, gray subso variant 
Glyndon silt loam, О to 2 percent slopes 
Arveson fine sandy бат 

Rockwell loam 

Шеп юату fine sand, О to 2 percent slopes 
Bearden silt loam, О to 2 percent slopes 
Svea loam, 1 to З percent slopes 

Mcintosh silt loam, 0 to 2 percent slopes 
Sverdrup sandy loam, 2 to 6 percent slopes 
Formdale clay Юат, 2 to 5 percent slopes 
Наттегіу clay loam, 1 to З percent slopes. 
Sinai sity clay, 1 to 6 percent slopes 

Sinai silty clay, 6 to 12 percent slopes 
Langhei юат, 18 to 35 percent slopes 
Vallers clay бат 

Oldham silty clay юат 

Rothsay silt loam, 2 to 6 percent slopes 
Towner fine sandy loam, О to 2 percent slopes 
Urness mucky sik kam 

Fordville foam, О to 2 percent slopes 

Arvitia sandy loam, 0 to 2 percent slopes 


Hecla loamy fine sand, О to 2 percent slopes 

Forada sandy loam 

Sioux юату coarse sand, О to 6 percent slopes 

Sioux Юату coarse sand, 6 to 12 percent slopes 

Sioux gravelly юату coarse sand, 12 to 35 percent slopes 
Lamoure sit loam 

Vallers clay loam, firnt subsoil 

Darnen loam, 1 to 4 percent slopes 

Roliss loam 

A&ardahl—Hamerly— Parnell complex, © to 2 percent slopes 
Barnes— Langhei hams, 3 to 6 percent slopes 
Barnes—Svea loams, 1 to 3 percent slopes 

Formdale— Аахдані--Ріот complex, 1 to 4 percent slopes. 
Grimstad —Towner complez, 0 to 2 percent slopes. 
Hamerty—Parnell complex, 0 to 3 percent slopes 
Formdale— Langhei clay loans, 3 to 6 percent slopes 
Langhei—Barnes loams, 6 to 12 percent slopes, eroded 
Langhei—Barnes loams, 12 to 18 percent slopes, eroded 
Langhei—Formdale clay foams, 6 to 12 percent slopes, eroded 
Langhei—Formdale clay loams, 12 to 18 percent slopes, eroded 
Svea—Hamerly loams, 1 to 3 percent slopes 

Rockwell— Valers complex 

Roliss complex 

Roliss— Valers complex 

Афган! land, frequently flooded 

Lake beaches 

Marsh 
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й UNIVERSITY OF MINNESOTA AGRICULTURAL EXPERIMENT STATION 


CONVENTIONAL AND SPECIAL 


CULTURAL FEATURES 


BOUNDARIES 

National, state or province 

County or parish 

Minor civil division 

Reservation (national forest or park, 
state forest or park, 
and large airport) 

Land grant 

Limit of soit survey (label) 


Field sheet matchline & neatline 


AD HOC BOUNDARY (label) 


«оо 


= 
I Davis Airstrip і + і 


Small airport, airtield, park, oiffield, A Illa 
cemetery, or flood pool E 
STATE COORDINATE TICK 


LAND DIVISION CORNERS 
(sections and land grants) 


ROADS 
on 
Other roads 
Trail 

ROAD EMBLEMS & DESIGNATIONS 
Interstate 
Federa! 

State 

County, farm or rarich 
RAILROAD 
POWER TRANSMISSION LINE 


(normally not shown) 


PIPE LINE 
(normally not shown) 


FENCE 
(normally not shown) 


LEVEES 
Without road ИИИ 


With road Irina ben nn ide 


— 
папа а 


With railroad ТАТУ ТТ 
DAMS 

Large (to scale) 

Medium or small 


PITS Zn 


Gravel pit 


Р.А 
Mine ог quarry х 


SYMBOLS LEGEND 


MISCELLANEOUS CULTURAL FEATURES 
Farmstead, house 
(omit in urban areas) 
Church 
School 
Indian mound (label) 
Located object (label) 
Tank (label) 
Wells, oil or gas 


Windmill 


Kitchen midden 


WATER FEATURES 
DRAINAGE 

Perennial, double line 
Perennial, single iine 
Intermittent 
Drainage end 
Canals or ditches 

Double-line (label) 

Orainage and/or irrigation 


LAKES, PONDS AND RESERVOIRS 


Perennial Су 


є 
* 


Intermittent 
MISCELLANEOUS WATER FEATURES 
Marsh or swamp 
Spring 
Well, artesian 
Well, irrigation 


Wet spot 


SPECIAL SYMBOLS FOR 
SOIL SURVEY 


SOIL DELINEATIONS AND SYMBOLS 


CeA 


ESCARPMENTS 


Bedrock ууу учу 
(points down slope) 


Other than bedrock 
(points down slope) 


SHORT STEEP SLOPE 


нання нн 


GULLY ммУМУМУ МУ М. 
DEPRESSION OR SINK o 
SOIL SAMPLE SITE 
(normally not shown) 
MISCELLANEOUS 
Blowout 
Clay spot 
Gravelly spot 
Gumbo, slick or scabby spot (sodic) 
Dumps and other similar 
non soil areas 
Prominent hill or peak 
Rock outcrop 
(includes sandstone and shale) 
Saline spot 
Sandy spot 
Severely eroded spot 
Slide or slip (tips point upslope) 
Stony spot, very stony spot 
Silty areas, ' to 3 acres 
Small calcareous areas, 4% 


to 3 acres 


Small rise, “> to З acres in 
poorly drained areas 
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